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Preface 


The four characteristics of this Text Book on Plant Study 
will be found to be: — 

(i.) The exclusion of mere terms and the emphasis given 
to vital processes. 

(ii.) Its experimental and practical nature. 

(iii.) The abundance of original drawings, on which the 
text is based. 

fiv.) The useful Summaries and rractioal Exercises given 
at tlic end of each clia])tcr. 

(i.) Text Books in Biology, especially on the Botanical 
side, arc too often a catalogue of diliicult terms and Latinisms, 
wliile the living procc^sses themselves are overlooked or in- 
sufficiently described. 

(ii.) Science is us(^lesH, unless it is experimental, and if it is 
made so, its educational value cannot bo over-rated. The 
experimental part of the subject in school is now often 
supplemented by work in th(‘. school greciuhouse and garden, 
wdth excellent results. 

(iii.) Many of tlie drawings liave been made directly from 
t iie specimens prepared and experiments performed by young 
students — work that has aroused the deep^^st interest in the 
study of plant life. These drawings, the copyright of which 
we retain, by the courtesy of the Publishers, deserve the special 
attention of the student, and when he cannot obtain actual 
specimens, his time will be well spent in reproducing some of 
them. The valuc^ of hand and eye training in this dual connection 
is evident — the making of a detailed drawing compels attention. 
Mere mechanical copying, however, must never displace the 
drawing from the real thing when it can possibly be obtained. 
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For tho photographs illustrating the ecological side of the 
subject, we are indebted to the Sciopticon Co., whose unique 
series of lantern slides have been invaluable to us in our 
lecture work. 

(iv.) The Summaries given at the end of each chapter will prove 
very useful for Preliminary and Pinal Certificate Students of 
the Board of Education, and for the London Matriculation, in 
that necessary revision which must precede any examination. 
Following these Summaries extra Practical Work has been 
suggested for the use of more enthusiastio students. 

(v.) We beg to add one caution. There is a distinct danger 
of the Student regarding the plant as a conscious organism 
capable of volition. We have accordingly made liberal use of 
inverted commas when, for simplicity’s sake, we have employed 
phrases which m’lghi otherwise be taken to imply volition. 

JOS. S. BRIDGES. 

ARTHUR J. DICKS. 


Wdlthamtotv icvmkal Institute^ 
February, 1908. 
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PLANT LIFE. 

CHAPTER 1. 


-‘•—— 

Comparison of the Mature Plant with Seedling: 
and Seed. 




1. The Structureof a Complete Plant.— Any coimnon 
flowering plant shows on examination an evident division into 
various parts widely differing from one another in appcjarance. 
If we seek the reason of this wide differentiation we find that 
tho shape and structure of each part fib ifc for performing some 
l)articular work for the benefit of tho whole plant. We will 
take a well-dtjvelopod Scarlct-Bunner bean plant as our 
example. (Figs. 1,2.) 

(a) Its root system (Fig. 2), if dug up entire, shows a 
main root which proceeds a considerable distance into 
the ground. From this many smaller roots arise and 
still smaller ones in turn from these. In this way 
the mass of roots intimately penetrates the soil region 
from which the plant derives its water and mineral 
substances. At the same time it affords an eifioieut 
attachment organ to anchor the plant in the soil. 

(J) Its slender, branching stem, twining like a tendril up 
a strong support, performs two functions : — 

(i.) It spreads out the leaves to the light m the best 
possible way. 

(ii.) It conducts to them the raw food materials 
absorbed by the roots. 


X 




mo* Ij^Vppof portUm of a mature Boon Plant, ahowliig ttemt, 
flowers and fruits. 
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Id). Its leaves* each composed of three broad leaflets (Fig. 1 ), 
are thin, flat plates of tissue. They are arranged in 
well illuminated positions, since by the aid of sunlight 
they are capable of manufacturing the plant’s real 
food (sugar) from raw 
materials supplied by 
the soil and the air. All 
the above organs — roots, 
stems and leaves — have 
for their primary func- 
tion the nutrition of the 
present plant. Hence 
they are frequently 
called its vegetative 
organs. Tiater in the 
season, however, the 
food produced by their 
activity is devoted to the 
fonnation of flowers, 
fruits and seeds. Since 
those last- mentioned 
parts are i)rimarily con- 
cerned with the forma- 
tion of neto individuals, 
they are grouped to- 
getlier as the reproduc- 
tive organs of the jdant. 

Its flowers are in groups, 
forming vivid 
“splashes” of red 
against the greenback- 
ground of the leaves. ^.—Lov>er portion of a matures 
bwii «rrmiT» nf flf*nrr.r« JPlovt, showing its root 

men 01 nowers «y8tem.~(aa) Scars where the seed 

IS well held out by a leaves have fallen, 
long stalk ; if this were 

not 80 they would be completely hidden amongst the 
thick foliage. The bright scarlet colour attracts 
insect visitors, and, as a result of their visits, fruits and 
seeds are produced. 

C#) The long narrow pods which gmdually grow out from 
the withered flowers are the frqits or seed-cases of the 
plant. 

if) The contained seeds (t.e. the beans), are the provision 
made by the plant to ensure the reproduction of its kind, 
tor each bean contains a young plant capable of vigor- 
ous growth when placed under suitable conditions. 
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2. The Toung Bean Plant.—It is interesting to compare 
an adult plant sucli as the above with another plant of the 
same kind in quite a young stfige of its growth. A bean seed-* 
ling has the appearance shown in Fig. 3a. 

3A 



Fig, 3Ji.—A Bean Seedling .— Foliage Leaf ; (b.) Bud ; (sf.) Stem ; 

(s.l.) Seed Leares ; (s.c.) Seed Coat ; (r.) Hoot System. 

Above ground we see a firm upright stem whose terminal 
bud will carry on all future growth in length. Two foliage 
leaves already produced from this bud are expanded to the 
light and are actively engaged in manufacturing food. This 
food will be immediately utiHsed by the plant for the produc- 
tion of more leaves and a greater length of stem. The 
slightest comparison between these two plants (Figs. 1, 2, 3 a) 
shows the relatively immense amount of food which must have 
been manufactured and utilised during the gradual acquisition 
of the adult condition. As each new leaf is formed, it at once 
serves as an additional food factory, and the products of its 
activity are forthwith expended in the production of more new 
stems and leaves. 

Quite near the ground two leaves possessing a for different 
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appearance will be noticed. These are the thick green seod- 
leayes. They are just ax)pearing above ground, and are slightly 
iissisting iu the formation of food. They were originally con- 
tained in the swd ; in fact, part of the seed coat can still be 


found adhering to them. 
Their original function 
was to serve as storehouses 
for the nourishment which 
lias enabled the bean jilant 
to commence growth when 
buried in the soil. 

On such a small jdant 
being dug up from the 
soil and the dirt removed 
from its root system, the 
latter will be found to 
present in miniature all 
the featurtis of the maturo 
root system. Wo find th at 
the main root is the most 
])romin(mt structure and 
that from it there arise four 
vortictil rows of rootlets. 
This is chnirly to bo seen 
in very early stages of bean 
germination. (Fig. 3b.) 

3. The Bean Seed.— 

We will now examine a 
bean bc‘fore germinating ; 
a day’s soaking of the seed 
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Fig. SB.— Very early stage in the growth 
of a Bean Seedling. ~{h.) Bud; (jn.r.) 
Main Root; (rt.) Rootlottf; («,«.) Sood 
Seed Leaf. 


Ooat; { 8 . 1 .) 

will greatly facilitate our work. 

Periodic observation whilst soaking shows that at first the 
ijough seed coat becomes strongly wrinkled, later this is 

followed by an increase in size 
of the whole bean and finally 
the wrinkles di8ax)pear »om- 
pletely. (Figs. 4-6.) The 
wrinkled condition of the seed 
coat merely shows that it swells 
on absorbing moisture, and is 
thus too large for its as yet 
dry unswollen contents. Tho 
gradual disappearance of the 
wrinkles tells us that the seed 
within is absorbing more and more water, and if the seed bo 
-eoaked too long a time it will be found to burst its coat. This 



Fig. 4.— An umoaked Bean. 

Fig. 6.— The same whilst soaking. 
Fig. $.—The eoine soaked. 
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artificial soaking goes on at a muck more rapid rate than 
the absorption of water below ground under natural conditions 
of sowing. In the natural state the process is a long one, 

since the water supply is more 
precarious and much smaller. 
In this connection think how 
good shower or two ac- 
celerates the aj)pearanco of 
seedlings above ground. 

Let us now proceed to a 
study of the soaked bean 
itself. Outside we see the 
tough seed coat. Down one 
side of this runs a long oval 
^ ^ . scar, marking the place where 

the sUlk of the beau attached 

of Attftchmeut; (A.) Stnall Hole 
where Root grows out; 
toctivc Seed Coat. 


(A) 0 /) 


it to the x)od. (Fig. 7.) If 
ip.c.) Pro- t)oau be held between the 
thumb and finger and gently 
squeezed, a drop of water will be seen to exude from a small 
hol(» at one end of the scar. Tliis hole is a very important 
structure for the first root always makes its appearance- 
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Fig,8.-’Th« Bean Flower.— (a, ft) Side views of Bud and Flower; (c) Front 
view of Flower; (d) Lonaitudinal section of Fig. 6 (note the ovary oi 
chamber in the centre of the flower) ; (c) Ovary from d enlarged to snow 
the contained Ovules. 

near it. It is of value to consider how the hole has arisen. 
In the bean flower (Pig. 8, d, e), there is a chamber (tlie 
ovary) which develops later into the bean pod. This chamber 
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ooutaini tiny bodies (ovules) attached to its wall, find these 
develop later into seeds (t\e, the Ix^ans). Wo have seen that 
the ripe bean has a seed coat, but if wo could take an ovule 
in a very early stage we should find this coat absent entirely. 
Quite early, however, iu the life of the ovule a ring-like 
outrgrowth appears as a collar (Fig. 9), just where the ovule 
joins its stalk; as this outgrowth develops it closely invests 
the ovule until finally the latter is completely enclosed exceijt 
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Fiff. 9.— The uparoufth of the Goat of the Ovule.--it.) Tljp of tb© Ovale ; (c.) 
Collar ; (o.c.) Ovule Coat. The coat proceeds further than is shown in the 
last h^re. 

at its tip, which is shown diagrammatically in Fig. 9, This 
unprotected tij) remains as the hole which we have ab(;ady 
noticed. Why was the tip of the ovule left uncovered ? This 
question will be fully answered later, but it may be mentioned 
here that the pollen grain grows downwards as a long thread 
(pollen tube), and after ent(.*ring the ovary chamber it pierces 
thtj ovule through this same hole and renders possible the 
fui’ther development of the ovule iiito the seed. 

On removal of the seed coat the contents are sotm to 
consist of two large fleshy lobes closely adpressed to each 
-other by their inner faces. (Fig. IOb.) These are the seed 
leaves which were noticed above ground in the bean seedling 
(Fig* 3a), and whose scars are shown low down on the stem 
of the adult plant. (Fig. 2, a a.) Their present firm hjxture 
contrasts strongly with the shrivelled appearance they will 
show later in the life of the plant. In the seed they are filled 
as full as possible with nourishment. This is the store laid 
up by the “ provident ** parent in order that the ofispring may 
have sufiicient energy to grow through the soil to the light, 
for until a plant expands its green leaves to the light it 
cannot make its own food. Thus, for its first growth from 
the seed the young bean plant is entirely dependent on the 
nourishment stored in its two fleshy seed leaves. 
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Lying at tlie side of the two seed loaves and attached to 
them both is the first root of the plantlet. Notice how its tij) 
lies just within the hole in the seed coat, ready, as it were, to 
come out from the seed at the first opportunity. (Cf. Figs. 
7-10.) So far we have found a root and two swollen leaves 
in the see<l. If wo separate the leaves from each other we 
shall see the first bud of the plant. (Fig. 11.) The small 
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Fig. 10.— Bean Seed with Goat Fig. 11.— View of the Flat Surface (f.s.) of 

removed.— {a) Side view; (b) otie of the Seed Leaves after the other 
End view. one has beenremoved.—(b.)Bud ; (r.),Root. 


leaves which here clothe the tip of tlie tiny stem can be 
dissected away with a needle. A hand lens, howc^ver, reveals 
their true beauty, for by its use we can follow the delicate 
tracery of the veins and realise that these are perfect leaves in. 
miniature. The bean seed thus contains an entire plant 
composed of root, bud, and seed Ictuves. The only peculiarity,. 
ai)art from the small size of the plant, is the relatively great 
size and unleaflike aj>pearance of the two seed leaves. tJoa- 
siderations of di8X)er8al (see Chapter XVI.) and nutrition will 
exidain both the small size of the plant as a whole and thfj- 
large size of the seed leaves. 


SUMMARY, 

MATURB PIiANT. 


/ Boots (a) AbsorD raw materials. 

(6) Anchor the plant. 

A. ' Stems (a) Conduct raw material to leaves. 

ib) Spread oat leaves to light. 

Leaves (a) Make food. 


Nutritive or Vegetative- 
organs (concerned 
at first with life of 
present individual). 


B. 


f Flowers Produce fruits and seeds. 

1 Fruits: — Are the seed cases. 

] Seeds:— Contain the next generation of 
V plants. 


Beproductive organs 
(concerned witb 
future individual). 


tCHR SBBDXiIMG, Notice Its small size, few leaves and roots, single 
stem. 


THB BRiBO, Notice its protective coat and its contained plantlet, 

Plantlet. (1.) Boot. 

(ii.) Bud. 

(iii) Two swollen seed-leaves packed with food. 



^'eights (in grammes). 
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PRACTICAL. 

1. Weigh a handful of beans— allow to soak twenty-four hours — 
dry on blotting paper. Find increase in weight per cent. 

a. Is this percentage increase the same for other seeds? (Pea, 
lupin, sunflower, maize). 

S* Is the increase at a uniform rate ? 

Dry and weigh the peas at intervals of two hours. 

Is there any variation in the rate of increase? If so. can you 
explain the variation ? 

Plot your results on a curve thus: 


Times of soaking (in boursl 
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Structure of Seeds. 

1. Seeds with Two Seed LeaYes. 

(a) Pea .—This differs from the runner bean only in its 
shape, 

{h) Buoad Bean. —This shows seed coat, scar, hole, root, 
S6f3d leaves and bud more plainly than either the runner 
bean or the pea. 

( c ) Laburnum. — This secid agrees entirely with both the 
above in structure. 

(ri) Vegetable Marrow. — (Figs. 12-15.) Here a broad 
flat seed coat covers the seed. (Fig. 12.) On this being 



Veqbtable Mabuow Seed {Figs, 18— IS), 

Fig. 18,— Complete Seed. 

Fig. IS.—Seed Coat (a.o.) removed. Root (r.), 

BH{j, 14,— Seed heaves (s.l.) separated. 

Fig, 15,— Same end vie tv to show the Btid (b.) hettoeen the Seed Leavet. 

removed, it is seen that tbe two seed leaves lie against 
each other throughout the length of the seed and also 
that they are joined to the root at their base. (Fig. 13.) 
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If we force the two seed leaves slightly apart we shall 
find the first bud enclosed between them. (Figs. 14- lo.) 
The three following exam|>les are fruits, not seeds. 
This means that the seed here is covered by two coats : 
one is the seed coat proper, the other is the fruit coat 
or seed vessel. This is precisely similar to a bean pod 
containing only one bean seed. 

(e) Acorn. — (Figs. 16-20.) This has a woody glossy fruit 
coat. At tho base of this is the scar where the fruit was 
attached to the cup. A circle of dots (Fig. 17) found in 
the scar marks the points of passage of the conducting 
strands, which supplied the developing acorn with food. 



Thb Acorn (Figs. JC— 

Fig. 16.— An Acorn. 

Fig. 17.— The Cup removed^ showing the Soar. 

Fig. 18.— Shows the Plantlet covered by the Seed Coat. 

Fig, 19.— End vie w of the Plantlet. 

Fig. ao.—The JSvd, Hoot and two Seed Leaves, 

The tip of the acorn bears a projection, the three radiat- 
ing regions of which njju’esent the stigmas of the flower. 
After removing the fruit coat the kernel is found to be 
covered by a brown investment which adheres very 
closely to it. This is the seed coat proi)er, and within it 
is the oak plantlet. (Figs. 18-20.) The first ro>ot is sc^n 
with its tip nearest the stigmas of the fi;uit coat. The 
two seed leaves, forming the bulk of the plant, have the 
first bud lying between them, (Fig, 20,) 

(/) Sycamore. — (Figs. 21-25.) This is another one-seoded 
fruit. It is an interesting fruit to study, because the 
seed is provided with a blanket of hairs to prevent injury 
by cold. These silky hairs form a padding between the 
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seed coat and tlie fruit coat; in reality they are the 
innermost region ot the brown woody seed vessel. (Fig. 
2:2.) The seed coat is a thin reddish brown i)apery layt'r 
investing the seed within, yet quite distinct from the 
hairs. A small projecting ridge on the seed coat marks 
the position of the root lying inside. (Fig. 23.) The 
seed itself is a good example of the wonderful way space 




Sycamoue (Fiffs, ^ 


Fiff. ffJ,— Double Fruit. 

Fig. 23.--Half the Fruit Wall hrolcen aiuay to show the seed^s hairy 
vrotection. 

Ftg.23.—The Seed covered by a brotmi smooth Seed Coat. 

Fig. 24.’— The Seed with its Seed Coat removed. Note the root and tbo 
coiled seed leaves. 


Fig. 25.— Arrangement of Root^ 
the Seed lengthways. 


Bud and Seed Leaves as shown by cutting 


is utilised in seeds. (Fig. 24.) The root is easily recog- 
nised, but at first sight all the rest of the seed secmsi 
a confused mass. With care, however, the two seed 
leaves can be unfolded. They lie parallel to one another 
in a close spiral, between whose coils there is no space 
lost whatever. (Figs. 24, 25.) 

Xs^) Sunflower. — (Pigs. 26-28.) This fruit is a much simpler 
one than that of Sycamore. The fruit wall is hard. 
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woody, and froqxiontly marked with alternating dark 
and light bands. Inside, a thin white layer resembling 
tissue paper represents the seed coat and encloses the 
seed. The structure of the latter (Fig. 28) strongly 
recalls the plantlet of vegetable marrow or oak. 



Sunflower Fruit {Figs. i>5— 55). 

Fig. 36. — Ctymplete Fndtn covered with striped Fruit Coat. 

Fig. ST.—Om side of Fruit Coat cut away to show Flantlet within. 

Fig. 3S.--The Flantlet exposing its parts.— {s.l.) Seed Leaves ; {h.) bud ; (r.) 
liout. 

2. Seeds with one Seed Leaf. — Hero also it will be more 
convenient to examine fruits instead of sochIs, since maize and 
wheat grains, which are fruits, are so readily obtainabh^ In 
these two fruits the fruit coat and the seed coat are fused and 
consequently are indistinguishable from each other. Tog(3ther 
they form a hard rind to the grain. In the seeds hitherto 
stuped, the young plants have comidctely filled the seed, the 
requisite nourishment being stored up in the seed leaves. We 
now come to a totally ditferent type, in which the young 
plant occupies but a small part of tho gi’ain. Its seed leaf 
(for it has but one) is not a bulky storehouse of food. The 
food which caused the massive structure of former seed leavtjs 
is here deposited in the seed outside the plantlet, 

{a) Maize. — (Figs. 29-32.) One flat side of a maize grain is 
marked by a large white patch (Fig. 29) ; this shows 
the position occupied by the contained plantlet. All 
the remaining surface of the grain is a golden yellow 
colour, and under this lies the nourishment mentioned 
in the preceding para^aph. If the surface of the white 
patch be removed with a needle or sharp penknife, two 
small conical projections can be discovered. (Fig. 30.) 
The upper one is the bud, the lower the root of the 
maize plantlet. Both bud and root are attached to a 
white oval region lying internally to them. In this 
book we shall regard this region as the seed leaf, al- 
though it is only fair to say that some biologists regard 
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it as o part only of that organ. We cannot tell how 
far this seed leaf proceeds into the grain unless we cut 
the latter lengthways. This we will do with a fresh 
^in (Fig. 31), cutting in the direction indicated by the 
line 1 — 1 in Fig. 29. The appearance of the cut siurface 
is shown in Fig. 31. From this we see that the seed 
leaf is merely a flat plate. On its upper side is the white 
floury food stored up for future use ; on its lower side 
is the remainder of the plantlet (bud and root) which 
we saw in our first specimen. 



Si'KroTUiiE OP ▲ Maize Gbain (Figs, 

Fig* 29,—J]ro(ul. view of a Grain, 

Fig* :}0,— Sheath has been removed along dotted line. 
i%g* 31,— Section along the line 1—1 in Fig. ‘49 
Fig* 34.— Lower j)art of Fig. 31 magnified. 


The seed leaf is admirably situated for the performance 
ot its work, which comprises (i.) the dige^stion of the 
stored food, and (ii.) its transference in soluble form 
to the plautlet lying on its outer side. The bud of 
the plantlet will repay dissection (Fig. 32), for by 
means of a needle we can raise up several leaves. 


The wheat grain has a much 

5 & 36 . 
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(/>) Wheat.— (F igs. 34-36.) 
smaller plantlet than 
maize. The position 
of this can readily be 
seen from Figs. 34 
and 35, which show 
the two surface views 
of the grain. The 
plantlet is so small 
that very little detail 
of structure can be 
made out hy the 
naked eye. The gene- 
ral position of the 
plant and its nourishment is indicated in Fig. 36, but 
Fig. 32 on the maize grain will represent wheat equaUy 


Struotube of a Wheat Qhaik 
(Figs. .94— 

Fig. 34.— Front view. 

Fig. 36.- Buck vi w. 

Ftg. 36. -Cut lengthways.— iy.p.) Toung 
plaut : (n.) nourishment. 
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well. The main points to be romeuibered about those 
fruits are : — 

1. The fusion of tho two coats. 

2. The one seed leaf present. 

3. The nourishment stored up outside the jdautlet. 


3. A Seed with many 

37, 38.) The vast majority 
of gn:*ein plants provide their 
planth^ts witli either one or 
two seed leaves. Pine is an 
exception ; it has ten or 
more seed leaves to its young 
plant. Externally, tho 8ec<l 
coat is prolonged into a 
brown membranous wing to 
aid in dispersal by the wind. 
The woody seed coat encloses 
much nutriment in addition 
to the young plant. Tho 
relative positions of the 
plant, nourishment and seed 
coat are shown in Fig. 38. 


Seed Leaves. Pine.— (Figs. 

=7 38 . 




Sthucjtiirk of Pinb Skki> 

( Ftpit . 3?— .95). 

Fiff. 3T.— Entire Seed and Membranous 
wing. 

Fig. SS.Seed cut Ungthways.-^^w.) 
Wing; («.) Seed; {ax.) Seed Coat; 
ia.l.) Seed Leaves; (r.) Boot; (a.) 
Nutriment. 


SUMMARY. 

STRUOTURB OF SEEDS. 

1. With two Seed Leaves. 

(a) Pea, broad bean, and laburnum seeds greatly resemble that 
of scarlet runner bean. 

(b) Vegetable marrow, oak and sunflower seeds have the first 
root lying at one end of the seed. 

(c) Sycamore seed has a woolly fruit coat. Its two seed loaves 

are coiled into a spiral. 

2 . With one Seed Leaf. 

Nourishment is not stored up in the plantlet itself. The 
plantlet is much smaller than those of the above plants. In 
maize and wheat the single seed leaf occupies a position 
intermediate between the plant and its food. Tho seed 
leaf renders the food soluble and transmits it to the plant. 

The seed and fruit coats are fused in maize and wheat grains. 

3. With many Seed Leaves. 

Pine seed is winged externally. This aids dispersal by wind. 

The plantlet (root, bud, and many seed leaves) is embedded in 
nourishment. 

PRACTICAL. 

Soak and dissect as many seeds as possible. 

Make drawings and name all tho parts shown. 



CHAPTER 111. 


Conditions of Qerniination. 

I.— The Seed in Relation to Water and Air. 


1. The Penetrating Power of Water. — When we 
contrast the horny texture of the nnsoakod seed with its soft 
yieldiug nature after being soaked, we cannot but feel surprised 
that so great a change has been effected in so short a time. 
Water possesses a great penetrating power, and the strange 
part about this is the facility with which it oozes through 
exceedingly small spaces. In fact, wo may say with truth that 
the smaller the spaces, the more easily will the liquid pass into 
them in some cases. 

2. Oapillarity. — If a number of open glass tubes of 
various diameters be immersed in a vessel of water (Fig. 39) 
it will bo found that the liquid rises up all the tubes against 
the force of gravity. The narrower the tube, the greater is the 
height to which the water will rise. On the other h«^nd, if we 
immerse the tubes in a vessel of mercury instead of water, 
we shall find that in all of them tne mercury stands at 
a lower level than that in the vessel, and is depressed most 
in the tube which has the smallest bore. (Fig. 41.) A due to 
the causes of the varying behaviour of mercury and water in 
the tubes is given by an examination of the'tips of the columns. 
(Fi^. 40-42.) The upper ends of the water columns in tubes 

(Fig. 40) are curved. Those curves vary with the bore 
of the tube, being most pronounced in the finest tubes. 

A simple expmnation (although the whole question belongs 
to Mathematics) is that the water wets the glass, creeps up the 
sides of the tube, and drags up the column of water with it. 
This lifting power is relatively greater in the smallest tubes* 
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The tips of tlie mercury coIuhids are curved in the opposite 
direction. (Fig. 42.) '^e reason is that mercury does not 

wet the glass ; it thus tends to be kept back around the sides 
of the tube and the whole column is consequently depressed* 
Oil removing the tubes from the water or mercury, another 
valuable fact is manifest : some of the liquid remains in the 
tubes. The same thing is noticed when a fluid is admitted 
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Figti. sg^Q.-^DiagramrnaUc vUw of ths effect of Owpillarity in Tuhet of 
different &ors.~In Figs. 39 and 40 the liquid is water. In Figs 41 and 42 It 
is mercury. 


between opposed surfaces of glass, held so as to be almost 
touching. When dipped into water the fluid will rise between 
the plates of glass to a height de|)ending upon the proximity of 
the surfaces to each other. Lump sugar and blotting paper, 
when dipped into water, furnish familiar examples of the sanoia 
force. This attraction of water into small spaces whose sides 
•can be wetted is termed Capillarity. The a^ve principle has 
important bearings both on seed and soil. 

2 
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3. Capillapity in tha Soi].>*^We know that soil i» 
porous and will hold water, because we can water a plant 
growing in a pot for a few moments before the liquid runs out 
from the bottom. We may regard the soil as a mass of particles 
with air spaces between them. These air spaces, in a sense, 
may be likened to the glass tubes of our experiments. Clearly 
the tendency will be for these tiny spaces to retain some of the 
water which percolates downwards through them from the air 
above. 

4. Capillarity in the Seed.—Will there be any similar 
process going on in the bean itself ? The answer to this 
question of course depends on the presence or absence of air 
spaces in the bean. The microscope enables us to see that the 

whole structure of the seed (as 
also other parts of plants) is 
honeycombed with a ramifying 
system of air spaces. (Fig. 43.) 
The universal provision of these 
emi^hasises how essential an 
adequate supply of oxygen is 
to tne plant. We may look on 
these spaces as the “ lungs ** 
of the bean seed. From their 
exceedingly small size they 
will very readily suck in the 
water from the soil. 

When water fills the spaces 
in the bean seed it displaces 
the air from them. If this were 
a permanent condition it would be very harmful to the 'seed, 
in fact it would absolutely prevent growth by depriving the 
plantlet of the oxygen it r(!j[uires for breathing purposes. 
Seeds cannot grow into plants if they are left at the bottom of 
a vessel of water where they are deprived of oxygen. 

5. Diffasion in the Seed. — Tiie water does not stay in 
the air spaces. It permeates right through the bounding 
walls of these into the living cells or chambers lying beyond, 
and there it forms a larger amount of sap than was present in 
the dry state of the seed. Thus every living i^rt of the bean 
is becoming swollen out with more sap during the soaking^ 
process. Tne sum total of all these individual increases is> 
expressed outwardly by the fact that the soaked bean is larger 
than the dry one. The power which water possesses of rapidly 
soaking through different materials is termed its diffusibility* 
It is by virtue of this that it ever reaches the true living 
parts of the seed at aU. Fig. 43 will make clear the dbtinotiQiir 
between the air spaces and the living chambers of the bean. 



Fiff. is -A very small part of a 
Bean Seed magnified 75 times.’— 
The black parts are air spaces. 
These lie between the living 
chambers of the Seed. 
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AIR AND THE SEED. 

6. Composition of the Air from a Respiratopy 
Point of yieTK.— We all know that without air we should 
soon die, and that breathing is necessary for liie. By 
alternately breathing in and out through the tube A of the 
apparatus shown in 
Figs, 44 and 45, we 
•can see that aic 
undergoes a change 
in composition 
whilst inside the 
body. A person 
using this apparatus 
causes a current of 
air to travel through 
the left-hand bottle 
and tubes during 
inspiration (Fig. 44), 
and through the 
right-hand bottle 
during expiration. 
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This contrivance 
is specially useful 
because by it we can 
compare the com- 
position of the same 
air before entering 
and after leaving 
the body. Both the 
bottles are half -filled 
with lime water. 

This liquid always 
indicates the pre- 
sence of carbonic 
acid gas by becoming 
miliy, for carbonic 
acid eas combines 
with the lime in the Attows in Fig. 44 show tho path t<iken bp tho 

ZT' 

chalk. These, su^ 

pended in the water, give it its cloudy appearance or mxlki- 
ness. In performing the experiment, the operator breathes 
solriy through the tuM A for a minute or so. The left-hand 
bottle remams quite clear or is only clouded very slightly, 
whereas the liquid in the right-hand bottle becomes very milky. 
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It is clear that a large amount of carbonic acid gas has been 
added to the air whilst inside the body. Yet if the volumes of 
air entering and leaving the body be carefully measured they 
will be found to be as nearly as possible identical in amount. 
This carbonic acid gas must therefore have replaced some- 
other constituent of the air. What is this constituent ? 

If a candle be burnt in a limited supply of air (Fig. 46) it 
will very soon be extinguished, and very much carbonic acid 
gas wiD be found in the jar, for a little lime water shaken up 
in the jar will become very milky. 



4$.—-CafidlP. burning for a short time in a limited supply of air. 

Fig. 47. — A 8mould4tring S'plint ready for plunging into oxygen gas. 

Fig. 48. --The brilliant flame produced when it is plunged into oxygen goM, 
Fig. 49.— Beans germiniating in a limited supply of air. 

Fig. 60.— After a few days a candle will not hum in the jar. 


The candle only burns in the jar until it has used up the- 
oxygen of the air, and this is the constituent which the car- 
bonic acid gas has displaced. Pure oxygen supports burning 
very vigorously indeed. A glowing splinter of wood bursts 
into flame when immersed in this gas (Figs. 47, 48), and after 
it has burnt out, the jar will be found to contain very much 
carbonic acid gas. 

In the air then we have oxygen gas by means of which 
combustion can be carried on, whilst from this combustion 
carbonic acid gas is produced. Normally air contains about 
i of its volume of oxygen and a very small amount, about 
*03%, of carbonic acid gas. 

7. True Nature of Reepiration. — ^The fact that air 
leaving the human body contains more carbonic acid gas and 
less oxygen than it did on its entrance suggests very strongly 
that there is a ‘‘burning’* process going on in the system. 
This actually is the case ; the body is always wearing away or 
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decomposing, and the strangest part of the whole process is 
that protoplasm can only preserve its living condition by dying 
(or decomposing) continuously. 

This decomposing or burning process constitutes true 
respiration, and the latter word will be used here in this aonso 
and not in its popular meaning of breathing air in and out 
from the lungs, 

8. Do Seeds Respire ?— This question must be under- 
stood to mean: — “Do seeds bum up their contained organic 
materials ? and if the answer is in the affirmative, it will be 
well to ask these further questions : — 

(а) Is oxygen necessary for growing seeds ? 

(б) Does respiration in seeds j)roduce heat as it does in our 

own bodies ? 

(c) Is it fair to assume that respiration in seeds is tlie 
same process as in animals ? 

Experiment 1. — A dozen soaked beans are placed in a 
gas jar, covered with a glass plate, and hjft for a day or ho 
(Fig. 49.) A lighted candle is extinguished when it is lowered 
into the jar at the end of this time (Pig. 60.) Prom this wo 
infer that oxygen has been removed from the air by the beans. 

Experiment 2.— A wash bottle containing soaked beans- 
(A) is fitted up to two wash bottles of lime water (£?, G). Air is 
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JV* ^ • —Apparatus to provs that germinating Seeds respire^ 

caused to slowly traverse the whole series of bottles by the- 
gnidual emptying of the water from the aspirator (D). The- 
air on entering at {E) bubbles through the Unm water in (B), i» 


PLAVT STUDY, 


•carried into the midst of the beans in (^), bubbles through tLtr 
lime water in (O') and finally occupies the aspirator (D), the 
water from which is gradually escaping by the tap (F), The 
lime water in (B) remains clear; that in (0) is very milky. 
Seeds therefore produce carbonic acid gas. Since they, being 
Jiving things, use up oxygen and give out carbonic acid gas, 
we are justified in saying that they respire. 

9. Is Oxygen neoessary for the Seed's Respiration ? 

— Although tsoiiked seeds can grow for some time in complete 
-absence of oxygon, they cannot develop to any great extent 
witliout it. Sooner or later oxygon becomes an absolute 
siecessity, for without it the plantlets die. 

10. Is Heat Produced by the Respiration of a Seed ? 

— A thermometer is immersed in soaked seeds (A, Fig, 63) and 
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Fig. 6$.—Th$ Thermometer A placed in soaked permtnaUng Beans shows 
a higher temperature them B placed in d/ry Beans. 

e-nother to an equal depth in dry ones {B, Fig. 63), the whole 
being oovei*ed by a glass shade. The following table gives 
the readings obtained ; — 


Time* 

** A ** Reading . 

*♦ B ’* Rbadiko, 

10 a.m. 

15-8® 

14-8° 

11 a.m. 

163° 

16'6« 

2 p.m. 

19° 

18*5° 

8 p.m. 

20° 

19'2« 

4 p.m. 

21«6° 

20-5® 

6 pm. 

20-6° 

19*7® 



HEAT FROM RESPIRAtlOK. ^{8 

These results itre best shown by a curve which is obtained- 
as follows : — A dot is jdaced opposite a “ time ” and its oorres* 
ponding “ temj)erature/* as at the points I. i., which indicate* 
the two temperatures at 10 a.m. * and II. ii., which indicate 



Fig, 6i.'--TemperatM/re Curves.--~ThG helgnt above the horleontol 
line ladicatea the temperature. 


the two temperatures at 11 a.m. The curves are obtained by 
joining up the points. The chief value of such curves here ia 
that we can see all our results at a glance, and the cuiwe given* 
by the soaked beans shows that these were always at a slightly 
higher temperature than the dry ones. In other words, respira- 
tion was proceeding at a greater rate in the soaked seeds. 

In dry seeds there is only just sufiiciout respiration going 
on to keep the plantlets alive. 

(N.B. The temperature of the room gave a curve practically 
identical with the ** dry bean ” curve.) 

The above experiment proves tnat respiration in seeds 
produces heat as it does in animals. 

Summarising Seeds do respire. They resemble aniniala 
in their respiration in that 

(i.) Oxygen is essential. 

(ii.) Carbonic acid gas is evolved. 

(iiL) Heat is produced by respiration. 
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Therefore, we are justified m regarding respiration as an 
identical process in plants and animals. 

8UMMAET. 

Water tends to remain in the soil by capillarity. 

It enters into the air spaces of the seed by capillarity, but into 
the living cells of the plant by diffusion. 

The atmosphere supplies oxygen for breathing, and carbonic 
-acid gas is produced by this process. 

Breathing consists of a decomposing process in all parts of a 
creature’s system, 

Seeds respire in a similar way to animals ; they require oxygen ; 
they produce carbonic acid gas ; heat is evolved during the process. 

PEACTICAL. 

1. Test how long various seeds take to become completely soaked. 
(This can be found by weighing from time to time). 

S, Perform all the experiments described in the text. 

In the experiments where beans are used, try other seeds. 

Wherever possible plot a curve showing your results. 

S. Take two sets of bean seeds. Close the small holes (or mtcropples) 
of one set with sealing wax or plasticine. Weigh the two 
sets; then soak, wipe dry, and weigh at inter fals. From 
your results compare the amounts of water which enter 
by (a) tie micropyles and (b) the general surfaces of the 
seed coats. 
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— — 

Conditions of Germination, 

II. — Gbotjnd Aib and Moisture. 

1. The Ground Air— its Presence and Amount, 

Experiment. — A gas jar (any other vessel will serve) has ita 
capacity ascertained by filling it with water from a graduated 
measuring glass. It is emptied, dried, and then filled with 
soil. Water is then poured m until it just appears at the level 
of the soil. The volume of water required gives us the volume 
of the air which was contained in the interstices of the soil and 
which has been expelled by the water. In an experiment 
385 CCS. of BoU took up 180 ccs. of water. When a gardener 
thoroughly breaks up the soil previous to planting his seeds, he 
is really ensuring that they (and also the young plants whilst 
still underground), shall receive a sufficient supply of air. 

2. Oomposition of the Ground Air.— The outdoor 
atmospheric air remains remarkably uniform in composition. 
Have you ever thought why this is so ? All gases have the 
power of diffusing or mingling with each other. If gaseous 
impurities are given out into the air they tend to spread 
through an ever increasing aerial region. 

The carbonic acid gas we give off in breathing does not 
remain in our immediate neighbourhood. It diffuses to those 
parts of the air where there is less of this gas. Similarly, the 
air close to us tends to become impoverished in oxygen b^ause 
we are continuously using some of this gas in breathing. But 
other oxygen passes towards us from regions containing more 
of it. The various gases of inhabited air are constantly in 
movement, with the result that approximately they are found’ 
in constant proportions. In fiie same way a seed ger- 
minating in the ground will have a slight current of oxygen- 
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towaitla It and of oarbonic acid gas away from it. Wo cannot, 
however, regard the ground air as of the same composition as 
the atmosphere itself. In the soil much decomposition of dead 
animal and vegetable substances is always taking place. Since 
such decomposition requires oxygen and liberates carbonic 
acid gas, we find that the ground air contains less and less 
oxygen with more carbonic acid gas, as it proceeds further 
into the soil. 

What then is the position of a seed in the ground with 
respect to this oxygen gas, which is so vitally necessary for 
its brea tiling processes ? 

(a) It has relatively little air, for the air only occupies the 
spaces between the soil particles. 

(5) This air is i)Oor in oxygen. 

(c) The deeper the seed is sown, the worse becomes its supply 
of oxygen. 

This last, together with other considerations discussed 
later, helps to explain why seeds do not grow when sown too 
deeply. 

The student should guard against the erroneous idea that 
the sole currents in the ground air are those mentioned above. 
These diffusion currents are very slight indeed compared with 
the larger movements of the ground air. 

3. Movements of the Ground Air as a whole.-~Let 

us consider these latter movements a little more in detail and 


the factors which produce them. Bear in mind that we are 

dealing here with movements of the 

ground air as a whole. What has 

been said above referred to diffusive 

movements of certain constituents 

(oxygen and carbonic acid gas) of the jj 

ground air. // 

(1) Effect of the Wind.— I f a 

person blows strongly across Ui 

the top of a lamp chimney, the , 

light is extinguished. The '* < 

reason for this is that the cross i A [ 

current of air over the top of I 

the glass causes a strong up- 

ivord current in the chimney 

(Fig. 55.) Consider now the f 

effect of the wind blowing I \ 

across the land ; think with ’ * 


what force it sweeps over the 
soil of exposed fields. We 
•can at once see that it will 


Fig* 86*^4. current gf air 
acroee the top cf a lamp 
eaucee an wMraughi ana 
pute cut the light, 
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have a very strong effect in sucking out the ground air 
from the air spaces of the soil, 

(2) Effect of Barometeio Presstoe, Principle of 
IEEE Barometer. — The barometer is one of the easiest 
instruments to understand. A large tube filled with 
mercury has its open mouth immersed in a vessel 
contaimng the same liquid. One would at first expect 
that the mercury 
would run out 
from the tube 
into the vessel. 

(Fig. 56.) This, 
however, does not 
occur. It does 
fall a few inches 
if the tube is a 
yard or so long, 
but we seldom 
find that it sinks 
more than this. 

The atmosphere 
presses down- 
wards on the 
exposed mercury 
surface (as indi- 
cated by Fig. 56), Fig, 6g.—PrincipU of the BaromtUr, 
and this pressure 

is sufficient to hold up the column of mercury in the* 
tube. According as the pressure of the air on the mer- 
cury is greater or less, so we have a longer or shorter 
column of mercury supported in the tube. The height 
of the mercury column thus affords us a ready way of 
estimating the pressxire of the atmosphere. This 
atmospheric pressure is subject to variation, although 
here it is not pertinent for us to enter into the causes 
of such. 

The question for us is; — “How will variation in. 
barometric pressure affect the ground air?” If the 
atmospheric pressure increases it tends to drive the 
ground air further into the soil. When it decreases 
some of the ground air comes out into the atmosphere. 

(3) Effeot of Temperature.— The table of temperatures 
(Fig. 61) shows that the ground and the air above very 
rarely have the same temperature. Now the ground 
air has the same temperaturo as the ground itself ; con- 
sequently, ground air and atmospheric air > differ in 
temperature. 


56 . 
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An easy experiment will show that air expands when 
its temperature is raised : — If a balloon half filled with 
air be placed in front of the fire, it will speedily swell 
to its full size. We will apply this principle to the 
temperatures of the ground air and the atmosphere. 
Suppose the ground air becomes warmer than the 
atmosphere, the former will expand and some of it will 
escape from the ground into the air above. Whenever 
the opposite is the case, the expanding atmosphere 
forces its way some distance into the soil. 

(4) Effect of Heavy Eain.— A heavy rain storm drives 
the ground air before it deeper and deeper into the 
earth. The combined effects of these four factors is 
that the groimd air is in a state of constant ebb and 
flow. We may say that there is always one or other of 
the two processes going on— either ground air escaping 
from the ground, or atmospheric air entering the ground. 

4. Effeot of Ground Air Movements on Seeds Under- 
ground.— Will this ebbing and flowing be benefleial or 
prejudicial to the germination of seeds below ground? We 
have already noticed that groimd air contains less oxygen 
than the atmosphere. Any movement tending to replace the 
relatively foul ground-air by atmospheric air will aid seed 
growth, in that more oxygen will be provided for the breathing 
process. Briefly then, the underground seed has oxygen supplied 
to it (tt) by gross movements of the ground air (consequent on 
wind, air pressure, air and soil temperature, and rain), (fc) by 
delicate diffusive currents (carrying oxygen to it, and carbonic 
^cid gas away from it). 

5. Necessity of Bain— The Rain Gau^e.— It seems 
superfluous to mention that a sufii- 
cient supply of rain is an absolute 
necessity for germination, but it is 
very instructive to keep a record of 
the amount of daily rainfall as 
measured by the rain gauge and to 
note how responsive vegetation is to 
this rainfall. In particular, records 

f should be kept of the rainfall during 
several successive Spring seasons 
and the dates of appearance of 
plants above ground should be 
noted alon^ide. A very close 
connection indeed will be found 
j^.ef.-sucme^iUBain ^tweea fee phenomena. A simple 
&aiuge, home-made ram gauge is shown in 
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Fig. 67 (it merely consists of a funnel, glass bottle, and 
measuring vessel). If it be desired to calculate the amount 
of rainfall in inches, the following formula will give the 
required result ; — 

If a volume of x cos. of rain be collected by a funnel of y 
cms. diameter, the rainfall in inches = J x (approximately). 
Example :—Sui)pose 40 cos. rain are collected by a funnel 
10 cms. diameter the rainfall is i x J = *2 inches. 


6. Effect of Amount of Moisture in the Atmo- 
sphere.— One further point naturally calls for consideration 
here, t.c. the effect of the humidity of the atmosj^here on the sod. 

The atmosphere contains a 


A - 



Fig. ob.—'J'he wet and d/ry Bulb 
Thermometers. 


varying amount of water 
S8 vapour. The drier the air at 
any particular temperature 
the more the water will tend 
to pass into it from the soil 
below. If the air be rela- 
tively poor in water vapour, 
evaporation will be induced 
from any exposed moist sur- 
face. This fact is utilised in 
Mason's wet and dry bulb 
thermometers. (Fig. 68.) 

One thermometer (a) is 
exposed to the air in normal 
fashion. The other (6) has 
its bulb covered with muslin, 
(c) from which proceeds a 
twisted muslin strand (d) 
into a covered vessel of 


water («). The muslin (c) is 
hept continually moist by water which rises by capillarity 
through (d). According to the dry or moist state of the 
atmosphere, there is more or less evaporation from (c) the 
muslin bag. But when water evaporates it produces cold ; 
therefore the thermometer (6) will give a lower reading 
than (a). If much or little evaporation is going on from (c) 
there will be a corresponding difference between the readings 
of the two thermometers. Since the surface of the ground is 
.a moist surface, we can regard the difference between the 
thermometer readings as a rough indication of the rate at 
which the soil is drying. 


^ 7. Tempterature and tha Seed.— Before entering on 
this section in any detail, let us briefly note the effect of 
various temperatures on our own bodies. We know that 
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both extreme cold and heat prevent us from working welt, 
yet there is a temperature somewhere between these limits 
at which we can work normally. So it is on the plant side of 
life. For every kind of work that the plant has to perform — 
whether it be absorbing, making food or growing — there are 
limiting temperatures (minimum and maximum) between 
which the particular work can be performed, and there is also 
the optimum or ideal temperature at which the activity of the 
plant is most manifest 

As a general rule we may take 0® 0. and 50® C. as the 
minimum and maximum temperatures, and about 30® C. as 
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Ftg. 69 .— -Curve of Activity/.— The height of the curve (at 
any point) from tiie horizontal line denotea the amount 
of activity displayed at that temperature. 

tbe optimum temperature for plant activity. Fig. 69 repre* 
sents this activity in the form of a curve, where height above 
the base line represents how active the plant is at any 
particular temperature. To make the above more tangible 
to the student’s mind, let us take a definite example. Wheat 
^ains begm to germinate at a minimum temperature of 5®0., 
&ey germinate best at 29® C., whilst 42® C, is the highest 
temperature at which they can germinate. 

Also, as with ourselves, some people ‘*feel the cold** and 
other conditions of temperature more keenly than others 
(i,e, individual people respond in different degrees to tem- 
perature stimuli), so amongst plants we find this same 
individuality of behaviour ; since plants as well as animals 
possess oharacteristio inherent peculiarities. 

Compare the following with the temperatures ^ven above 
for wheat: — ^Maize begins to germinate at 10® C. (minimum), 
it germinates best at 34® 0. (optimum), it refuses to germinato* 
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At a tetD^A^attire above 46*0. (xnaximum). Fig, 60 oo^paret 
the behaviour of the two plants. 


60. 



N.B.—The '‘individuality ” ol the plants. 


Temperature therei'oio exerts a very vital, essential 
influence on plants, for unless the minimum tomi)«3rature be 
present plants can neither germinate nor mature. Also the 
nearer the temperature approaches the optimum the more 
vigorously will the plant perform any particular function. 
Since this question of temperature is such an important one, 
the results of two experiments investigating temperature 
conditions are given here in full. 


8. Temperature of the Soil and the Air above.— 

Experiment 1. — To investigate the relations existing 
between the temperatures of (a) the air, (6) the soil ; at 

(lii!) 9" ' from the surface, 

(iv.) 12" J 

The Table and curve (Fig. 61) give the results obtained by 
hourly readings from 8 a.m, to 6 p.m., one October day. 
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Fio- Bl^—Gurven of temperatures of air and ioi7.— The readings were takers 
on a dull October day with no San. 

We note from the above that 

1. The air above fluctuates much more in temperature than the soil 
below. 

SL The air is colder than the soil at night and early morning, but 
warmer than the soil during the day. 

8. The surface regiou of the soil fluctuates more in temperature than the 
deeper regions. 

4 . The soil at 12 inches depth preserves a uniform temperature, thus 
showing it is unaffected by the air temperature. 

If the experiment had been continued through the evening and nigbt, the 
carve of air temperature would have sunk lower than those of the soil. 

Experiment 2. — To investigate the variation in tempera- 
ture in different parts of the same district on a rather dull 
day with a warm southern wind. 
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Situation. 

Tempera- 

ture. 

Bbmarks. 

B. In a wood (a natural hollow with 
oaks and hornbeams). 

1. Sunny position, no wind 

15-5-^C. 

Effect of absence of 

2. In shade with no wind 

14-50C 

warm wind. 
Effect of absence of 

3. Bulb buried in the dead leaves lying 

on the ground 

4. 3 inches deep iu tlie soil below. . 

:s°c. 

12-2'"0. 

sun. 

How dead leaves 
keep the ground 

5. 3 inches deep in the soil, not covered 

by dead leaves 

fi. The water of a shallow pool . . 

12^-0. 

32-3oC. 

warm. 

How moisture makes 

7. 3 inches deep in the mud of the same 

11 8oC. 

a soil cold. 


(Contrast A2 and 3^4 
with B7). 


The student should investigate for himself the tcin]K>r«- 
tures of a small juece of ground, sucdi as a house garden. 
The variations found will hii surprising ; and the respt)nst* by 
vegetation will be ovtai mor(^ so. He is also strongly advised 
to (*,olloet climatic data for liimscdf over a i)eriod of several 
seasons. The actual readings will only take a few minut(‘S 
daily. He will then bo abk^ to judge of the intimate relation 
which exists betwecm these idiysical conditions atid the 
physiological responses they evoke from plant life, and 
particularly from germinating s(^ods. Some such form as 
that given in Ax)i)(‘ndix 1 will bfi found very useful for this 
inirj)oso. 


SUMMARY. 

The ground air has more carbonic acid gas, less oxygon than 
the afcmosphoro. Its constant movement is due to 

(a) Diffusion currents. 

(/;) Aspirating action of wind. 

(c) Differences in temperature and pressure between ground 
air and the air above. 

{d) Heavy rains. 

The.sc movoirients of the ground air tend to supply the seed 
with more oxygen. 

Rain is necessary for supplying requisite moisture. 

If the atmosphere is dry it dries the soil. 

The performance of all the plant functions also depends on 
a suitable temperature. 

The minimum and maximum temi)eratures give the extreme 
range of temperatures at which the plant can perform its work. 

The oj>timum temperature is that at which the plant is 
most active. 

t 
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Plants possess an individuality. The minimum, optimum and 
maximum temperatures differ slightly for different plants. 

The temperature of the air differs widely in various parts of 
the same district. 

The temperature of the soil must not be assumed to be the 
same as that of the air above. 

PEACTICAL. 

1. Test the amount of ground air contained in as many different 

kinds of soil as possible. 

2. Test the rapidity with which chlorine or other strong smelling 

gas, will penetrate to every part of a room. 

3. Examine the mechanism of a scent spray and explain its 

action. 

4. ^lake a rain gauge. 

5. Prove that evaporation produces cold (by allowing a little ether 

or alcohol to dry up in the palm of the hand). 

6. Investigate temperature conditions when a cold wind is 

blowing. 

7. Keep a record of climatic data on a form similar to that given 

in the appendix. 





CHAPTER V. 

- 

Oermination. 


1. Germination Methods. — If wo grow seeds in the 
ordinary way, in shallow boxes of soil, we exporienoe twt> 
difficulties : — 


(a) Wo cannot see what is going on below ground. 

(h) The soil obscun^s the root system when taken uj) for 
examination. 
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Since most seeds contain sufficient nourishment in them- 
selves to enable them to grow for a considerable time, wo 
may obviate the second of these 
drawbacks by using damp sawdust 
or some other similar material. 
(Fig. 62.) 

The first disadvantage is much 
more real, for if we cannot sec? 
the earlier stages of the gtirmi- 
nating process we very often miss 
the most interesting part, i.e. how 
the seed is enabled to g(?t out from 
its seed coat. There are two very 
r>od methods by. which wo can 
sawdiLst. rendtir all the initial stages visible 

to the eye : — 

(a) We may utilise a lanii> chimney, as shown in Fig. 63. 
The soaked seeds are jmshed down between the glass 
and a roll of drawing pajier. Within the paper we 
place damp moss, cork dust, sawdust or soil, so that 
with occasional watf?rmg the seeds have the nec(?s8ary 
moisture. 
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{b) We may use a chalk-box for the purpose, running a 
glass plate into the groove in the sides of the box. 
(Figs. 64, 65.) 

This will form the front of 


our “ inspection chamber.” gj 
One side of the box should 
be rt‘moved so that a paper 
sheet may be placed between 
the glass and the damp 
moss, etc., with which the 
box is filkid. The seeds are 
pushed down between glass 
and moss as in the former 
luethocls. 

By using either of these con- 
trivances wo have the whole process 
pcirfectly visible, and although we 
prevent the rootlets growing out 
in their natural directions, tliis 
is more than compensated for by 
our seeing the initial process of 
growth. 



2. Germination of Plants 
with two Seed Leaves. — 

{A) The Runner Bean.— (Figs. 
66-70.) The first thing noticeable 
in. the germination of this seed is 
the splitting of the seed coat near 


Fig, 63.— Germination ol a 
Bean between a lamp enhn- 
neyand a roll of paper. The 
cylinder of paper contains 
damp Hawdust.— (Mosh, cerk* 
dust, or soil could also have 
been used.) 


the scar and the emergence of the first root. This root 
always behaves in the same way ; it tunis downwards 
as soon as it is free from the seed coat. Our later work 


64 



Fig. (H,— Chalk box shomng slot into which glasH front may ue fixed, 
Fia.SS.—^Thesamefi.ttedup as an **in8pectionchamber.”— A sheet ot paper 
is placed between the glass ig.) and the damp moss (d.m.) 

will show us that the tip of the root is exceedingly sensitive 
to the stimulus of gravity, and that its downward growth is iu 
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-direct response to this stimulation. The appearance of tho 
root before tho other parts of the yoimg plant is an invariable 
rule ; it is more — it is a physiological necessity, for the stems 
!iud leav(ss can never emerge from the seed until they havo 
been 8ui)plied with water which the root has absorbed from 



Germination of tub Bunneb Bean {Figs, 60^70), 

Fig. 6G.-~Bont emerging. 

Fig. 07 .—Coiled or looped Stem dragging up the leavea after it. 

Fig. €8.— Loop appearing above ground and straightening out. 

Fig. 69.- Stem now straightened,. 

Fij 70.— First foliage Leaves expanded and tvrst Bud growing up between 
them. 

tlio soil. When sufficient water has been absorbed the stem 
grows out from the seed in the form of a loop, the leaves as yet 
remaining within. The majority of piantlets force their way 
up through the ground in this looped condition. There are 
two very good reasons for this ; — 
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(a) Since the delicate leaves are drawn up through the ground 
after it has already been pierced by the stem, they and 
the very frail bud enclosed by them are less liable to 
injury. 

(b) Gh-owth in length occurs in both arms of the loop, the 
plant thus obtaining a double thrusting power. 

Notice ho wthe looped stem gradually straightens itself out and 
brings the expanding foliage loaves well out to the light and air. 

(7i) Measttuemext of the Lifting Power exerted by 
A Growing Bean Plant.— (Fig. 71.) Two copper wire springs 
of equal strength were prepared from the same reel of wire. 
The lengths of these rather open springs were 15*4 cms. One 
spring A was loaded with increasing weights attached to a 
light collar and the lengths of the spring were carefully 
measured and plotted on a curve B. This curve B expresses the 
following results : — 

Load. Length. Load. Length. 

0 15*4 cms. 40 gms. 13 7 cms. 

20 gms. 14*7 „ 80 „ 11-6 „ 

The second spring was fitted (as in Fig. C) within a glass 
tube in such a way that it could be freely compressed by 
a young bean ])lant pushing upwards against a hollow cork. 
A ceutiniotfe scale fastened behind the tube enabled the length, 
of the spring to be ascertained merely by reading the level of 
the top of the cork against the scale. The lengths so obtained 
were expressed in grammes X)re8sure, merely by using the curve 
B. Thus, if the spring is 14 cms. in length, we use the curve 
in the following way : — A horizontal line from 14, cuts the 
curve at a point S ; a vertical line from this point strikes the 
base line at a point T, which indicates 33 grammes. In this 
way we can convert all our lengths of siuing into pressures 
e.xerted on the spring by the jdant. 

The following is a table of actual results : — 


Day when Reading 

Time of taking 

Length of the 

Force exerted by 

was token. 



the Reading. 

Spring. 

the Plant. 

Tuesday 

9 a.m. 

14‘8 cms. 

18 gms. 


4 p.ni. 

14'7 „ 

20 „ 


7 p.m. 

14-3 „ 

28 „ 

Wednesday 

9 a.m. 

13-8 „ 

38 


3 p.m. 

13 7 „ 

40 „ 

Thursday 

i 9 a.m. 

13T.5 „ 

42 „ 


a p.m. 

13'4 „ 

44 

Friday 

10 a.m. 

12*8 „ 

65 „ 


3 p.m. 

12-7 „ 

66 

Saturday 

9 a.m. 

12*4 „ 

65 „ 
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The plantlet was unable to force the spring to a shorter 
:leiigth than 12*4 cms., it then grew in a strong loop sideways, 



iE%g, Tl.—Estimatiofi of a Bean's lifting power.-^A) Calibration of the 
duplicate Bprlnjj; (B) The curve obtained irom this ; (C) A growing bean 
plant corn pressing a spring. 


and pulled its tip out from the tube. 

This experiment is a most instructive one, for few students 
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would suspect that a juicy stem of but half a centimetro 
diameter possesses a thrusting power of 65 grammes. This 
experiment throws light on the fact that plants are able to 
push their stems upwards through the hard soil. 

(C') The Pea.— (F igs. 72-74.) Here the root comes out 
first and grows straight downwards in the soil. (Fig. 72.) It 

absorbs water and this 


^ is conveyed to the bud 

\ /o/. 1 between the seed leaves. 

4:1. The bud expand s , forces 
the seed leaves apart 
v/ #'T. slightly, and is dragged 
1 1 ont from the seed coat 

u/yPO elongation and 

72 - 7 ^ growth of its stem. 

I (Fig. 73.) The “loop” 

^ ^ M is very i^ronounced hero, 

vli I growth in the two 

loo]), tliO 

•C'A* J plantlet obtains a doiibio 

1 / thrusting power. The 

- r - 77 jJL top of the loop bears the 

I 1/ brunt of the soil pres- 

* f delicate 

I bud is protected from 

ylr' injury. Finally the bud 

/ is brought well up into 

' the air by the straight- 

F{gs.7S~-7*.—Oerminatimoftfie Garden Pea. stem. 

—(6.) Bud; (r.) Root; (r.« ) Well-developed <4.) 

Root System; (s.c.) Seed Coat; (/.I.) Foliage Where are the seed 

loaves ? They remain 
inside the seed and gradually shriTel u]) as their nutrimeut is 
withdi’awn for the use of the developing plant. 


{!)) The Acorn. — The shrivelling of the seed leaves is 
seen very well in the acorn (contrast Figs. 73 and 79), whore 
Fig. 79 shows their appearance at a later stage of dcvelox)mei.it 
than Fig. 78. 

The acorn commences germination in the normal way 
(Figs. 75, 76), the root emorging first. Hundreds of young oaks 
liaving developed as far as Fig. 77, can be found growing in 
an oak wood. In fact wo may also find an instructive sciries 
of young stages by searching among the dead leaves on the 
ground on a mild November day. 


Fig. 80 shows a very abnormal state of things. There are 
two young oaks, each with perfect stem, root, and pair of seed 
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leares, growing out from the same aoom. The aoom husk has 
been removed so that all the four seed leaves may be seen in 
end view. This is not really remarkable, for a study of the 
young female flower of oak (Figs. 81 and 82) tells us that 
there &tq three stigmas at the tip. We can see the remains of 
these in Fig. 83. Down in the oak flower there are three oval 
chambers, each containing one or two ovules. There is then 



The Gehmination of an Aoobn (Figs. 7S~-83) 

Figs. 75— 76.— The Root hwrstifig through the Fruit Wall. 

Fig. 77.— Much older stage.— (8.1.8.) Seed Leaf Stalks. 

Fig. 78. — Seed Leaves not much shrivelled. 

Fig. 79. — Seed Leaves much shrivelled. 

Fig. 80.— Two Oaks growing from one Acorn . — (Note the 4 seed leaves.) 

Fig. 81.— Young Twig of Oak bearing i Female Flowers. 

Fig. 88.— A Female Flower magnified.— Thovo are 3 stigmas. Many small 
leaves invest the flower. 

Fig. 83. — Ripe Aoom , — The remains of the stigmas can be seen. The leaves 
have fused to form the acorn cup. 

just the remote possibility that six seeds might be produced in 
the same acom. Usually one only is developed. It devours 
all its competitors and monopolises all the nourishment — a 
proceeding not uncommon in Biology. It is better for the 
X)lant to produce one sturdy offspring than six feeble ones. 

(-E^) The Beech. — (Figs. 84-88.) The seed leaves come 
above ground whilst still enclosed in the nut. (Fig. 84.) 
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This latter is thrown off hj tlioir expansion, and we see how 
wonderfully they wore packed together in the seed. (Fig. «5.) 
They gradually unfold, lose all traces of their packed 



Gbbmination op Beech (Figs, 

Fig, H.—Tlie Boot has emerged from tlie Nut,-~-The nut is held up In the air* 
Fig, S'). —The folded Seed Leaves free from the Nut, 

Fig. 86.— Seed Leaves expanding. 

Fig. 87.— Bud shown between the expanded Seed Leaves^ 

Fig. 68.— Two Foliage Leaves expanded from the Bud. 


crumpled state, and become two large plate-like leaves of green 
colour and simple shape. (Figs. 86 and 87.) Contrast their 
simplicity with the true foliage loaves i^roduced after them. 
(Fig. 88.) 




(jRMnNAmoNOT Honkbtt Gebmination ov Bucbwbbat 

(Figs. 89 — 91). {Figs 9'^ 95) 

The ^89 Fig8.92,93.-The Seed Leavesearry the Seed 

Mr by the Seed Coat mto the air. 

Seed Leaves making food (Jugs, 9i,9j.— The Seed Leaves are expanded 
90 and 91), and are making food. 


{F) Honesty.— (Figs. 89-91.) This is another plant whose 
seed leaves act as the first leaves above ground. They 
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frequently carry the seed coat up with them (Fig. 89), albhough 
they may escape from it quite early and leave it just below the 
level of the ground. (Figs. 90, 91.) 

((?) Buckwheat.— (Figs. 92-95.) The looped condition 
is strongly marked. The seed leaves carry up the hard brown 
seed coat with them into the air. 

(H) Sycamore.— A ll stages here, as in oak, may be picked 
up beneath the parent tree. 

Fig. 98 is the same specimen as Fig. 97, but with its fruit 
•coat and seed coat removed. Figs. 99 and 100 show the plant 



emerging from the seed coat, the fruit coat having entirely 
rotted aw^ay. The green expanded seed leaves are seen in Fig. 
101, whilst their simjjlicity in Fig. 102 contrasts strongly witl» 
the shape and veining of the foliage leaves. The student 
should contrast these early foliage leaves with the complex 
leaves produced later and shown in Figs. 534, 535. 

(I) SUNPLOWER.— (Figs. 103-106.) This always germinates 
easily and is a plant which should be grown by every student. 
The fruits can be obtained from a com chandler’s at any time 
of the year. Notice in Fig. 104 how the seed leaves are 
gradually withdrawing themselves from the fruit coat. The 
latter is frequently seen attached to one of the seed leavesr 
nipping it, as it were. 
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(J) Hemp. — (Fig. 107.) This resembles tlie above in the 
appearance of its seed leaves above ground, and in their 
relative simplicity of structure. 

3. Germination of Plants vith one Seed Leaf. 

(.4) Maize. — (Figs. 108-111.) Both stem and root burst out 
near each other. We should expect this from our previous 
study of the structure of the grain. The first root seldom 
grows any appreciable length. It generally soon divides into 
a whole group of roots. The one seed leaf always remains 
inside the grain whilst the foliage leaves which come above 
ground are closely rolled round each other, forming a spike- 
like mass which can easily penetrate the soil. 

(B) Wheat. — (Figs. 112-114.) Wheat resembles maize in 
its growth very closely. One may easily verify by its gemi- 
nation the positions of the bud and the root which were 
almost too small to be seen in the grain. 



(C) Barley. — (Figs. 115-118.) Note the immediate 
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formation of a buncli of very many fibrous roots from the 
first root of the planth t, which here grows only to a length 
of a tenth of an inch or so. This formation of a bunch of 
roots is characteristic of all grass -like plants. 

(D) Date. — (Fig. 119.) One would hardly credit that 
life is contained in the hari stone of the date, yet a specimen, 
such as Fig. 119, can easily be obtained even in our cold 
climate. 

4. Germination of a Plant with many Seed 

IieaYes. Pine. — (Figs. 120-124.) The root emerges first, 
as usual, then the numerous seed leaves are witlidra'WTi 
from the seed by the looped growth of the stem. The seed 



Gebmination op Pine {Figt. IgQ—JSiU 
Fig, 120.-— Foot has emerged from Seed Coat. 

Figs, 12U 122.— Seed Leaves pulling themselves out from the Seed Coat, 
Fig. 123.Seed Leaves expanded and pinctioning as food makers. 

Figs. 12S, 124.— Development of the Bud in the midst of the Seed Leaves, 


leaves form a ring of narrow green leaves above ^ound. 
The first bud lies centrally, and by its elongation all 
subsequent growth above groimd is carried on. 
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SUMMARY, 


TYPES OF GERMINATION. 


1. Plants with two Seed Leaves. 

(a) Seed leaves store up nourisli- 
ment only, and never ejnergo 
from tlio seed. 

(b) Seed leaves are scorehousefl at 
first, but afterwards come out 
from the seeds, turn green 
and make food. 


Examples. 

Acorn, Pea, 
Broad Bcjau. 


Beech, Sycamore, 
Buckwheat, Honesty 
Sunflower, Hemp. 


2. Plants with one Seed Leaf. 

The seed leaf remains in the seed. Maize, Wheat, 
Its function is to render the Barley, Date, 
nutriment available for the 
rest of the growing i)lant. 


3 , Plant with many Seed Leaves. 

fcieed leaves (about 12) come above Pine, 
ground, are green, and make 
food. 

Plants with two seed leaves {Cotyledons) are termed Dicotyledons ; 
those with one seed leaf Monocotyledons. 


PRACTICAL, 

1. Germinate the above-mentioned plants in chimnAy glasses and 

in boxes. Draw successive stages in the growth of each. 

2. Measure the lifting power of a broad bean seedling. 





OHAPTEK VI, 


Food. 

1. The Nature of Protoplasm.— The simplest creatur(\s, 
whether animals or plants, consist merely of a single speck <»f 
protoplasm or living substance, and the word “ cell ” is usually 
applied to such a tiny aggregation of vital material. 

As we proceed higher in the scale of life we find organisms 
composed of many coherent cells; and in every large animal or 
plant there are millions of these cells, each forming an integrnl 
part of its structure. 

Scientists as yet are much in the dark as to the actual 
composition of protoplasm. It is livimj material, and since on 
chemical examination it immediately breaks down into a large 
number of derivative bodies (proteids, fats, sugars, etc.), we 
cannot say /loiv these were combined together, or wheth(‘r 
indeed they were actually present as such, in the living state. 

Protoplasm baffles enquiry as to its structure, but wo are 
well acquainted with its manifestations of vitality. It will be 
well to formulate these here, for by tluur means we are 
enabled to distinguish living from dead substance. 

(1) Protoplasm possesses the power of movement. 

(2) It can ingest (or take in) its food from without. 

(3) It has the power of producing or secreting ferments by 
the action of which upon the food the latter is rendered 
soluble or digested. 

(4) It can absorb this food into its own nutriment-carrying 
fluids. 

(5) It incorporate, synthesise or assimilate such nutri- 

ment into itstilf, i.e. it can repair or renew its living 
self by utilising dead constituents. 

(6) It is continually respiring or being broken down into 

simple substances; the final products of the whole chain 
of destructive process being carbonic aci<l gas, water 
and nitrogenous waste bodies. Since the alM>ve deoom- 
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positions aro really a series of oxidations, an inta'ke of 
oxygen gas is vi bally necessary. 

/t7) It has the power of excreting or expelling from itself 
the above waste matters and also a great variety of 
other materials which it has produced or secreted. 
d8) In addition to repairing itself it can grow or build up 
additional protoplasm. This growth bears not the 
slightest aualogy to the cumulative growth in size and 
thickness of dead matter, e.g. the size of mineral crysttds 
when dei)Osited from a super-saturated liquid, or tlie 
thickness attained by a snail shell or a pearl. In these 
latter cases we merely have the deposition of successive 
external layers of dead matter, whereas in the growth 
of protoplasm each living particle is exercising (a) a 
•selective, {b) a synthetic action. In other words dead 
substances increase by passive accretion from without ; 
living substances by an active incorporation in, and by 
means of, every intimate living jmrticlo. 

(9) It has tl»e power of reproduction. This is not merely 
the physical separation of a portion of the proto] >la8m 
when it has attaiiu^d an increased hulk. It is a vital pro- 
c( 58 S which is always preceded by a very exact division 
of the nucleus — the most essential part of the cell. 

(10) It is extreirujly irritable or responsive to stimulation. 
The chief stimuli affecting animal ])rotoi)la8m are 
mechanical, chemical, electrical and nervous. On the 
})laiit side we shall deal mainly with the responses 
evoked by contact, light, moisture, tem]»eraturc and 
gravity. The mere enuimiration of the above stimuli 
shows us how very sensitive j)i*oto])lasin is to changes 
in its environment, and how coiiso([uciitly it is able to 
adai)t itself to varying conditions of life. 

2. Requirements of Protoplaam.— In our i)reviou8 
work we have regarded xu'otoplasm from the vt/a/jKuntof view, 
and the main coucci)tion that the student should grasp is that 
protojdasin is an infinitely complex and unstable body whose 
Xiving character is the direct insult of continuous ill-defined 
-chemical changes. 

There are twm scries of these changes : — 

(1) Anabolic or Constructive : commencing with food 
(l^roteid, fat, carbohydrate) and concluding with the 
incori)oration of this into actual living material. 

(2) Katabolic or Destructive : commencing with protojilasm 
and jjiving water, carbonic acid gas, etc., as final 
products. 
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It is imperative here to note that (i.) each of the above is a 
$erie$ of chemical interactions ; (ii.) most probably some sub- 
stances produced during Elatabolism are again used in the 
Anabolic process. As a matter of fact we merely know the 
ends of the processes : that food stuffs (proteids, fats, sugars, 
etc.) and oxygen are utilised ; and that the carbonic acid gas, 
water and nitrogenous waste substances (asparagin, leucin, 
tvrosin or urea) are produced ; but we know little or nothing of, 
the exceedingly complex series of actions and interactions 
which necessarily are involved in the assimilation of the food- 
stuffs and the jiroduction of the waste substances. 

There must exist a close connection between the absorption 
of oxygen and the production of heat and energy. For many 
years it was thought that highly combustible non-nitrogenous 
food stuffs such as fats and sugars were taken into the body 
for combustion by the protoplasm, but it is better to regard 
them as becoming actually incorporated into the living material 
prior to any such ‘ ‘ combustion. ” The general result of modern 
research is to throw doubt upon the theory which regards a 
creature as a kind of engine consuming fuel and expressing 
this consumption in an equivalent amount of energy. The 
better conception is that both nitrogc^nous (proteids) and non- 
nitrogenous (fat, sugar, starch) foods are necessary for the 
synthesis of living material. 

Nevertheless, it is jierfectly true that the highly combustible 
■fats and sugars impart much potential energy to the protoplasm 
on their assimilation, and may be regarded as heat or energy 
producers from this point of view. 

In older text books proteids will be found treated as the 
sole tissue-forming food stuffs. They are tissue-forming it ie 
true, and this is their main function, for all ju’otoplasm contains 
proteid constituents, but this work of tissue-formation is 
shared also by the fats and sugars, even though the synthesis 
of the latter may be, and probably is, only temporary. 

3. Ideal Foods. — If we were to seek for the most ideal foods 
on the animal side we should most likely choose milk and eggs; 
the former because young mammals use it solely for their 
development for a considerable jjeriod, the latter because the 
chick develops from the mere speck to the fully-fledged bird 
by means of the nutrition contained in the egg. 

Milk. — De Chaumont gives the percentage composition of 
cow’s milk as follows ; — 

Water 86.8 
Proteids 4.0 
Fat 3.7 
Sugars 4.8 
Mineral Salts 0.7 
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The proteid matter is casein, whilst the uon-nitrogenons 
food is present in dual form : (a) Fat (/.e. the cream) ; (6) Sugar 
(lactose or milk sugar). 

The student may feel surprised that these constituents are 
present in such small amounts, but it should bo borne in mind 
that this natural liquid is to be presented to the weak immature 
digestive system of a young creature. It is important to note 
that in milk we have both nitrogenous and n on-nitrogenous 
foods. 

Eggs. — Quoting again from the above authority, the 
composition of an egg (omitting th(j shell) is as follows : — 
Water 
Proteids 

Fat 11.6 
Sugars none 
Mineral Salts 1.6 

Wliat is specially evident from the above figures is the 
greater concentration of the iiourislimeiit in an <tgg than m 
milk. The reason is not far to seek ; th(? store contained in th<5 
egg is the only food available for the chick during tlie whole of 
its incubation })eriod. Note also tlu^ non-Tntrog(inoiis food is 
entirely in the form of the highly combustible fab, thus 
affording an economy in space. 

The proteid matter is mostly in tlie form of albumen, l>oth 
an the white and yolk of the egg, w'hilst the fat is mainly 
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Fig. ISS.’—Comparison of the composition of Milk (nyper) and Egg (lower) 
(p.) Proteid; (/.) Fat; (s.) Sugar. 

stored in the yolk. The storage of both nitrogtmous 
(albuminous) and non-iiitrogenous (fatty) foo.l again 
emphasises the necessity of each (Fig. 12o). 

4. The Complexity of Pood Materials. — Proteids 
contain carbon, hydrogen, oxygon, nitrogen and sulphur, 
but this by no means gives us any idea of their complexity. 
Each smallest molecule of proteid consists of many atoms of 
these elements. Similarly with the non-nibrogciious foods t 
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fats, sugars and starches. These consist, it is true, of the 
elements carbon, hydrogen and oxygen, but there are many 
atoms combined here also. A moment s reflection will show 
that it is necessary for both nitrogenous and non-nitrogenous 
foods to be complex, because they are to be immediately trans- 
formed into the infinitely complex protoplasmic substance. 


5. Characteristic Tests for Foods. 


Foo m 

Example 

Taken. 

Experiment. 

Result, 

iNpEn- 

BNCE. 

Proteid 

1. Raw whit( 
of egg. 

Peptone solu 
tion. 

1 

3 1. Boil with Millon’s 
Reagent. 

2. (a) To NaOH solu- 
tion add OuSO^ 
solution, drop by 
drop, 

( b ) Add white of egg. 

(c) BoO. 

- 3. Boll with Millon’s 
Reagent. 

4. (a) To peptone solu- 
tion add NaOH in 
excess, then weak 
CuSO*, drop by 
drop. 

( 6 ) Add more CUSO 4 . 

Precipitate 
pink on 
boiling, 

{a) Blue colora- 
tion is ob- 
tained. 

(1>) Blue turns 
violet. 

(c) Deep violet 
colour. 
Precipitate 
pink on 
boiling. 

(a) Pink colour 

1 produced. 

(b) violet colour. 

Presence 
of proteid. 

Presence 
of proteid. 

Peptone is 
a proteid. 

ProKonco 
of peptone- 

Fat 

Any common 
fat. 

5. Greases paper. 

6 . Stain with Osmlc 

acid. 

7. Stain with Alka- 

net tincture. 

Slowly J 
darkens to 
a black 
colour. 

Stains a 1 
pink colour. 

Presence 
of fat. 

Presence 
of fat. 

Btarch. i 

^pastomade 
by boiling 
potato (or 
ot)ier)starch. 

8 . Iodine solution 
added. 

Blue colour, 1 

*resence 
of starch. 

Sugar. ( 

>rape Sugar. 

9. Boll with KOH and 
CuSO,. 

Bed precipi- P 
tate. 

resence 
of grape 
sugar. 

< 

Hane Sugar. 3 

0. Boil with KOH and 
CuSO*. 

Red precipi- A 
tate absent. 

bsence 
of grape 
sugar. 

( 

3ane Sugar. 3 

. 1 . Boil with HaSO* 
then tost as 10 . 

Bed precipi- C 
tate. ir 

onverted 
ito grape- 
sugar. 


The KOH ehould he etrong, the OuSO^^ should he weakt eoluHone. 
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6. The of Digestion. — In order for any urtiYnal 

or plant to utilise its food, the latter must be made soluble. 
True digestion consists solely of this process. The protoplasm 
of living creatures produces certain substances called ferments, 
which nave the power of causing the chemical changes 
necessary to convert an insoluble food into a soluble cue. 

Examples of digestive ferments are well seen in the animal 
body. 

(a) Insoluble starch is converted into soluble sugar by the 
ferments ptyalln and amylopsin contained in the saliva 
and pancreatic juice respectively. 

(&) Insoluble fat is turned into soluble soap by the ferment 
(steapsin) of the pancreatic juice. 

An important 2 )oint to be noticed is that not only must 
the food be turned into a soluble form, but also such soluble 
substance must be diffusible, f.e. capable of passing through 
cell walls and living membranes. 

7. Examples of Digestion. 

(i.) Digestion in Animals. 

(a) If a little starch be placed in a test tube with saliva, 
and the test tube kex)t for a while at the body teni- 
peraturo in a water oven, the starclj will be fo\ind 
to gradually disap])ear, and by bjsting chemically 
sugar is shown to be jmjseut. 

{h) If shrcids of white? of egg be similarly tntated with 
an artificial gastric juice (liq. i) 0 ])t. Bengor), they 
will disapjx'ar. On axqdying food tests (11 and 4) 
pei)tone is found to be x)resont. 

(ii.) Digestion in Plants. 

(a) If barley grains be crusbed and tbo X)Owder bculed, 
iodine (Test 8) shows starch to be ])ro8ent. 

(h) The sprouts broken off from germinating barley 
grains will give a sugar reaction. (Test 9.) 

This conversion of starch to sugar in the g(?rminating 
stage is brought about by the ferment diastase produced by 
tbo seed leaf. (Fig. 33.) 

N.B. — The ptyalin of the saUva of animals is often caU(?d 
animal diastase^ 

8 . Foods stored up in Seeds. 

(a) Starch. — A white powder settles at the bottom of the 
vessel when wheat flour is kneaded in a muslin bag 
under water. Tested with iodine this x)Owder is foiuifi 
to be starch. Note the largo starch grains contained in* 
the cells of the bean seed. /Fig 43.) 
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(t) PROTEiD.—The same figure stows snmller grains in the 
cells. These are of protoid composition. The extent 
of proteids in this seed is well seen by boiling up a few 
thin slices of a soaked runner bean with Millon's 
reagent (Test 1). Both surfaces of the slices are deeply 
stained pink. Test 2 gives a good result if soaked 
bean scrapings JC used. A pronounced violet shade is 
obtained. The sticky mass of glutin left behind in the 
muslin bag in the starch experiment above is also 
proteid. Boiled up with Millon’s reagent the whole 
mass is coloured pink. We have been dealing so far 
with very minute proteid grains stored up in seeds. 
The castor oil seed has very pronounced proteid grains 
in its cells. (Fig. 126.) 

(c) Fat. — Castor oil seeds also contain much fat. This is 
easily seen by crushing the seeds upon a piece of white 
paper, and noting the grease spot produced. The fatty 





Fig. 126 ,---a few Cells or 
Chafnbers in the Castor Oil 
Seed', showing the proteid 
grains stored up for the use 
of the young plant (highly 
magnified). 
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Fiff, 137. — A few Cells front a 
Vote Stone, showing the 
greatly thickened cellulose 
walls. The circles are the 
cavities of the cells. 


nature is very evident on chewing a small part of the 
seed. In this seed the plantlet is embedded in a tissue 
rich in both fat and proteid. If a microscope be avail- 
able, tests 6 and 7 afford the means for recognizing 
the globules of fat whilst contained in the cells that 
produced them. 

(a) Cellulose. — This is the material of which the delicate 
cell walls of plants are made. It is a carbohydrate,, 
closely allied to starch in composition, and so has a 
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de&ite foc^ value, but animals usually find cellulose 
extomeljr mdigMtible. There is one I'llant— the Date 
— hoiTOver, which stores up the buli of its reserve food 
“ iorm. T^ ha^ “stone” of the date, shown 
gemmatine m Pig. 119 , consists almost entirely of 

eellulOM, .Amicroscoiricviewofafewcellsfromadate 

stOM 18 given in Fig. 127 to show how the cellulose' 
walls are greatly thickened. 

.i. ®,' ot Food stored up In Seeds.— When we 

tnmJE now seeds germinate in complete dailr- 
ness underground, and so are unable to make 
any sugary food for themselves, we can quite 
understand how it is that they are always so 
closely packed with food. We can gain « 
good idea of the amoimt of food stored up in 
seeds by first germinating them, and then 
allowing them to grow in the dark in damp 
sand or with their roots dipping into watcj, 

(Fig. 128.) A bent piece of wire is used to 
support the seed so that only its roots are in 
the liquid. Since we are growing the plants 
in a dark box or cupboard they cannot turn 
green and make food for themselves, nor does 
water or damp sand afford them any food. 

They are thus entirely doi)endent on the food 
which was stored up by the riarent plant in 
the seed. 
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perinumt to 
jlnd how niiich. 
Jood wan stored 
in the Seed. 


SUMMARY. 

FOOD. 

Its Necessity : 1. To build up the tissues. 

2. To maintain the vital activities and to 
preserve a temperature at which these are 
possible. 

Protoplasm or Diving Substance is capable of — 

1. Movement. 6. Respiration. 

2. Ingestion. 7. Excretion. 

3. Secretion. 8. Growth, 

4. Absorption. 9. Reproduction. 

5. Assimilation. 10. Irritability. 

Chemical Changes in Protoplasm 

(Anabolism — The construction of profcopla.sm from- 
Metabolism. n proteids, fats, sugars, etc. 

(Katabolism — The respiratory process, A de- 
structive change: protoplasm gradually 
becoming broken down into HaO, CO*, and 
nitrogenous waste substances. 


In a'^ 
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HeqttiMments of Protoplasm:*- 

1. Both nitrogenous and non-nitrogenous foods (for 

anabolism). 

2. Oxygen (for katabolism). 

Food.— Food stuffs must be complex in order to be synthesisod 

' almost immediately into the living material. 

Milk and eggs are “perfect” foods, since they contain all 
the food stuffs necessary for protoplasmic synthesis. 

Digestion.— All food has to be digested or rendered soluble 
before an organism can make use of it. The digestive process 
is carried on in both plants and animals by means of 
ferments. A ferment only acts on one particular kind of 
food. 

Storage in Plants. — PIant.s store up both nitrogenous and 
non-nitrogenous food stuffs in their seeds— the former 
generally in the form of proteid grains, the latter as starch 
grains. 

In the date “ stone ” cellulose is the reserve material. 

In castor oil seeds a large amount of fat is stored up 
instead of starchy material. 

Plants store food up in their seeds so that the young plants 
m ly utilise this : 

{a) For the production of root system. 

(b) For growth of stems upwards through the soil. 

Until a plant’s leaves are exposed to the light it can make 
no food whatever for itself, 

PRACTICAL. 

Perform all the experiments described in this chapter. 
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The Varieties, Functions and Behaviour of Roots* 


1. The Work done by Roots,— In order to nndersta.iid 
tlie appearance, internal structure, and behaviour of roots, w(! 
must (ionstantly keep before our minds the two main funetions. 
These arc : — 


(a) To anchor the plant in the soil. 

(h) Q'o absorb water and mineral salts from the soil. 

2. The Two Chief Varieties of Root Systems.— 

When a idant is pulled u]> from tlu? ground its roots geiK'rally 
present a confused interwoven or tangled appearance. (Com- 
parison of the root systems of a number of common 
shows us that they naturally fall into two varieticjs — 

(i.) Taxu'oot system. (ii.) Eihi'ous root system. 


The taproot system is always characterised by the xu’osence of 
a main root which grows straight downwards in the soil, and 
from which lateral roots are de- 
veloped in a varying numher of 
v(irtical rows. (Fig. Jbi. ) The swollen 
root of beet shows two such rows 
very clearly indeed. (Fig* 129.) 
Frequently in other i)laiits there arc 
five such rows of rootlets. Thest* 
rootlets grow out in five definile, 
moro or less horizontal directions 
aua Txins penetrate the ground on 
every side. Smaller roots spring 
from these rootlets. These grow 
in every direction from their i)areiit 
Fig. m.— Beetroot, showing its roots — up, dowTi, and sideways, so 
vertical row of rootlets (r,. "ground is most thoroughly 

penetrated hy the root mass. 

A diagrammatic representation of such a branched syatfim 
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-is shown in Fig. The studont should notf howovor, 

expect a living specimen to present the perfect regularity of 
Fig. 130. There is a potent reason for much variation from 
this regular arrangement of roots in the latter part of the 
plant’s life. We shall see further on in the chapter that water 
and mineral salts are only absorbed by the tip regions of 








T 



DiAoitAMMATic VIEWS OF RooT Ststems {Figs, 130— -132), 
Fig. m.—Yrning Tap Boot System. 

Fig. 131.— Older stage of Tap Boot System. 

Fig. 132.—Fibrott6 Boot System. 


roots. Thus, the ground lying nearest the taproot in Fig. 130 
would soon become untapped of its materials, and so we find 
that new young roots are produced from older parts wherever 
the ground is not being utilised by the absorptive regions of 
other roots. Contrast Fig. 131 with 130. 

The second variety of root arrangement is the fibrous 
system. Here no main root can be seen. (Fig. 132.) There 
are many roots of approximately equal length, and smaller 
roots spring off from all of these. Grasses and their allies all 
have root systems of this type, whereas the taproot system is 
found in large plants. If a grass be an exceptionally tall 
plant, this fibrous type of root system is not strong enough to 
prevent upheaval of the plant by the wind. Special provision 
IS made by the maize plant (which frequently grows over ten 
feet high even in our own country) to strengthen its root 
system, (Fig. 133.) 
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roots arise from the stem above ground. These 
grow oto qoely downwards, reach the soil, and thus give a 
support to the tall maize stem in precisely the same fashion as. 
an anny bell-tent is kept firm by its tent ropes. (Fig. 134.) 



Fiff. 13,9.—BuWrs8 Boots spHvflino out at various levels 
from a Maize Stem. 

The above two systems of root branching slioiild be care- 
fully examined from the two following points of vi(!W : — 

(i.) Docs the method of branching further the root’s work 
of anchorage ? 

(ii.) Does it further absorption by enabling the plant to 
avail itself of all the water, etc., within its reach 'r 

The answers to these questions aid evident. 

3. Other Functions of Roots.— The swollen roots of 
turnip, carrot and beet are clearly i>erforming another func- 
tion. If slices of these are boiled and the liquids treated ]>y 
food test 9, we find a red i>r<‘cipitat(! is ]»rod»cefl in the case df 
turni)> and carrot, but not with beet juice. Tuniip and carrot 
therefore contain grajie sugar, beet does not do so. 

A little beet juice, however, gives the grape sugar reaction 
after it has been boil(‘d with sulphuric acid, owing to what is 
called inversion. The cane sugar, which the beet contains, 
is converted into grape sugar by the sulphuric acid. Thes(? 
swollen roots subserve a storage function. During the first 
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year of their growth the above plants store up foods in their 
roots, and the next year this is utilised for the formation of 
a long stem, flowers, fruits and seeds — such plants being 
termed biennials. 

A totally different work is performed by the small roots 
which grow out from an ivy stem as it is growing up a wall or 
a tree trunk. These arc produced on the side of the stem 
nearest the support, and by growing into the crannies of the 
latter the ivy plant is able to hold its leaves well out to the 
light. (Fig. i;io.) 

Were we to go further afleld to examine roots found in 
trojncal regions, we should find 
them i)erforming most diverse 
13? and uncxjx'cted kinds of work. 
Space precludfis us from dealing 
with these in any detail, but the 
main types may be briefly men- 
tioned here. 

(a) Many plants (particularly 
orchids) grow perched oii 
the branches of trees. 
Their roots hang dowm 
into the air, and being 
spongy outside absorb 
moisture from the air. 
Inshle they are green, and 
so can make food like 
leaves. (Fig. o70.) 

(?>) Some plants have roots 
similar in t^^pe to the 
buttress roots of maize. 
(Fig. 133.) These frequ- 
ently grow into ‘ planks,’ 
buttressing the stem on 
every side. 

(') 1“ Vlants these roots 
become a dense thorny 

mass, a-nd so afford protection against animal attacks. 

(r?) In the Banyan tree there is a trunk with branches 
above ground in the usual way of trees, but roots 
arise from these branches and grow downwaids in the 
air until they reach the ground. They then branch 
in the soil as ordinary roots do. The strange thing is 
that the above-ground portions of the roots grow thicker 
and thicker year by year, and in time look like massive 
•stems or tru^s. They thus serve as pillars, supporting 
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the spreading branches of the tree, which now to all 
appearance is a grove of trees. 


4. Meanings of the words Irritability and Stimu* 
luB. — In its popular sense we use the word ‘ irritable ’ to 
describe a j)erson who is very easily put out of temper by 
trifling occurrences. His temperament is sucli that he imme- 
diately resx)onds to slight alterations in his environment. In 
physiology, the word ‘ irritable ’ has a more definite meaning. 

We have already noted the powers possessed by protoplasm 
in a previous cha])ter. Any condition, whether cxtenial or 
internal, which will cause the living material to exhibit these 
j)Owers in a greater or less degree is termed a stimulus, and 
protoijlasm is said to be irritable because it responds to these 
stimuli. Irritability is the power of resi)onding to stimuli. 


5. The Root Considered as an Irritable Organ.— We 

will now regard the root from this point of view, first exaimn- 
ing its behaviour, and then seeking for the stimulus which has 
caused it to act in this particular way. 



(1) Influence of Gkavity.— If a bean seed be germinated 
in the three posi- 
tions given in Fig. 

136, it is found 
that the first root 
always turns down- 
wards. That there 
is a downward force 
attracting the root 
can be seen from 
another experi— 

III 11 1 (Figs. 

137-140) : Beans 
whose first roots 

are iust urotrudinsr Fia. J36.— The first Boot of the Bean alwevyn 
are jusr protruumfe downwards. (The seeds are shown 

are pinned on a jj| game positions as sown.) 
vertical disc of ^ a 

cork with all roots pointing towards the centre. 
(Pie. 137.) After some days they present an appearance 
as in Fig. 138. Obviously something has caused a 
downward growth in these first roots. ^ -j. t..*. 

If another set of beans be pinned on the disc and it ^ 
rotated vertically at a slow uniform rate by cl^kwork, 
or by water power, as in Fig. 139, we find that the roots 
grow directly inwards towards the centre, us 

Lsume that it is the force of gravity causing the down- 
ward growth. If we do so, we can explain why the 
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roots grow straight inwards towards the centre, because 
if the rotation is uniform the bean will be just as long 
in the position B (Fig. 137) as it is in position 


e 



The Action op Gravitt on Hoots {Figs, 237—240). 

Fijg. IST.-^Beans pinned in position on a cork disc. 

Fig. ISS.—Bemlt of groivth during 1 week (still). 

J^g. JiO.-^Besult of growth during 1 week (rotated vertically). 

Fig. 139.— View of simple rotating instrument. Water from a tap falls on- 
the vanes and causes a constant rotation. 

When in tLe A position gravity will tend to curve the 
root in the downward direction as shown, but when 
the B position is reached this downward direction 
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will be an upward one, and consequently gravity will 
pull the root straight again. Similar considerations 
hold for all other of positions, as 67>, KF, GIL 

Thus the rotation of the disc would neutralise gravity’s 
attractive force. 

Again, suppose w'e j)in a bean so that its root frcjely 
projects in the horizontal direction. (Fig. 141.) Wo 
should expect it to bend as in Fig. 142. It does not do 
so; it bends quite near its tip. (Fig. 143.) This would 
point to the fact that all parts of the root are not 



Effect of Gravity on Roots [ Figt . Ul '— lU ), 

Fig, 141. —The Boot pinned in position on a cork. 

Fig. 14ii.—Uow we should expect it to behave. 

Fig. 143.— How it actually behaves. 

Fig. 144.— It does not bend downwards when the tip is out off. 

equally irritable to the stimulus of gravity. We can 
clinch this matter by cutting off the tip of a bean root 
and then pinning up as before. (Fig 144.) It does not 
bend downwards, since we have removed the sensitive or 
irritable portion. 

Fig. 130 also shows us another valuable point. In 
the tap root system the roots do not all grow down, 
some grow upwards, ^uite in defiance of gravity. From 
these considerations it is clear that only the tip of the 
main root is irritable to the gravity stimulus. 

(2) The Influence of the Position of the Parent Body. 
Whenever a rootlet grows from its parent, it continues 
outwards in a definite direction. In somewhat un* 
scientific language, we can describe it as behaving just 
as though it were trying to ^t as far as possible from 
the root or stem from which it has sprung. Supposing 
the rootlet meets some obstacle such as a stone or some 
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other hard substance, through which it is unable to 
penetrate, it grows round this and then continues its, 
outward journey at the first available opportunity.. 
We do not know the mechanism by which this is brought, 
about. We might conceal our ignorance by talking 
glibly about “ exotroiuc behaviour,” etc., but all we 
actually know is that the rootlet behaves as if it were- 
repelled by the parent. 

(3) The Influence of Moisture in the Soil. — Moisture in 
the soil exercises a very definite stimulating influence on 
the growth of roots. The latter always grow in the 
direction of the moister soil regions. Here, again, we 
cannot say how this is brought about, we only know 
that it is so. 

(4) The Influence of Light.— H ave you noticed how 

very seldom indeed we see the roots of plants growing 
above the soil ? The thick woody roots of trees are not 
n^ferred to here ; they have been gradually laid bare by 
the wearing away of the soil from above. Why should 
not the young delicate, and therefore sensitive, rootlets, 
which we see growing upwards in the soil in Fig. 130, 
come up above ground 't 

Many biologists explain this by saying that the root- 
lets would appear above ground were it not that the 
light drives them back. Most probably this action of 
light is exaggerated, for a very plausible explanation of 
this behaviour of rootlets in not appearing above ground 
is that they are attracted by the moisture in the soil, 
which is greater in amount than that contained in the air 
above. Support is given to this opinion in that plants, 
such as mangroves, inliabiting tropical swamps where 
the air above is saturated with moisture, frequently send 
up roots above ground. 

It is interesting to note, however, that the climbing 
roots of ivy (Fig. 135) are undoubtedly repelled by light. 
They are especially sensitive to this repellent stimulus, 
and so grow deeply into the chinks and crannies of 
the supporting structure. 

6. How Irritability Aids Root Functions. It is left, 
as an instructive exercise, for the reader to consider each of the 
above four stimuli in the light of their rendering the root an 
efixeient organ of 

(i.) Anchorage, 

(ii.) Absorption. 
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SUMMARY. 

Work done by Roots (a) anchorage ; (6) absorption ; also 
occasionally : — (c) storage ; (d) climbing. 

Main kinds of Root Systems 

(а) Tap : One main root, many lateral ones. 

(б) Fibrous; No main root, many of approximately equal 
length. 

Stimulus.-'Any change of condition which invokes a response 
from a living organism. 

Irritability. — Is the capability of responding to a stimulus. 
It is a fundamental property of living matter. 

The Root is an Irritable or Sensitive Organ. 

(а) The tip of tho main root is attracted by the force of 
gravity. 

(б) Roots always grow as far as possible away from the 
parent which has produced them. 

(c) All roots aro attracted by moisture. 

(d) Climbing roots in ivy aro repelled by light. 

All the above aid the root in one or both of its main functions 
of anchorage and absorption. 


PRACTICAL. 

1. Pull up weeds and sketch their root systems. 

2. Sow soaked seeds in sawdust and examine the root systems at 

various stages. 

3. Prove that a carrot and a beetroot contain grape and oano 

sugar respectively, 

4. Perform an experiment to show that the main*root tip alone is 

sensitive to gravity. 

5. Account for the irregularity, so often found, in the direction cf 

the growth in mam roots of common weeds. 

G. Find out what decides whether a carrot shall be of a good or 
a bad shape. 

7. Germinate barley grains, and note the time which elapses before 

fibrous roots are produced. 

8. Grow cress seedlings in a shallow box having a bottom made 

of fine wire gauze. Hang up the box near the window. 
Observe and explain the behaviour of the roots after they 
have grown through tlie gauze. 

9 . Arrange germinating sunflower fruits as in Fig. 163. Cover 

the test tube with black paper except a long narrow chink. 
Does the root grow away from the light? 



CHAPTER VIII. 


The Structure and Work of Roots* 


A, HOW THE STRirCTURE OP A BOOT FITS IT 
FOR ITS LIFE AND WORK IN THE SOIL. 


1. The Root-Cap.— We should naturally expect roots to 
be fitted for their mode of life and the work they have to 
perform. First of all we notice that the root lives in a far 
different environment from that which envelops stem and 
leaves. It has to grow and force its way through hard re- 
sistant soil; and from the soil it has to abstract water and 
mineral salts. 

The root tip bears a special protective envelope — the root- 
cap — to prevent the delicate g^rowing region being bruised and 
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Fig. 245.— Tip o/a Jioot (r.) magnified to ehow its Boot Cap (r.c.). 

Fig. liS.—I>%agrammatic view of same, cut lengthways, {g.r.r.c.) Growing 
region of root cap; (i.r.c.) Innermost region of root cap; (o.r.e.) Outermost 
region; (f.r.) Tip of the root proper; (ac.r.) Soft-celled tissne of the root; 
(to.) Woody watex-oondactlng part of the root. 


injured by rubbing against the hard soil particles. (Fig. 145.) 
It will be noticed that the end of every root is slightly swollen : 
this swellmg is the root- cap above mentioned. It naturally 
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follows that this protective sheath or guard will itself be 
gradually worn away by friction. Yet it remains of uniform 
thickness, because it is at the same rate renewed from witLin. 
(Fig. 146.)^ We get a good idea of the growth of the root-cap 
by comparing it closely with the constant wearing away and 
renewal of the skin of the human body. 


2. The Root Hairs.— Just behind the root-cap there is 
about an inch or so of root clothed 
with a fleecy mass of root hairs. 
(Fig. 147.) These should be carefully 
distinguished from rootlets. You will 
see these splendidly if you germinate 
some cress seeds on a piece of flannel 
jdaced in a saucer of water. These root 
extremely thm walls, and 

— X they are the only the root 

wliich absorb water and mineral sub- 



magnified to show itH 
root hairs. 


stances. 

The way in which they work is detailed below. They havi? 
an exceedingly short life, dying away behind as fast as new 
ones are produced in front, and so always clothing the region 
just behind the root tip. An enlarged view of a few root hairs 



Fig. part of a Boot with 3 root hain 

shown, (Note how closely the root hairs invest 
the soil particles). 


is given in Fig. 148. Notice how close they are to the soil 
particles ; some of the latter seem almost to be embedded in 
the walls of the root hairs. 

3. The Position of the Stronif Tissues in a Young 

Root. — The strongest material seen in a young root when cut 
across (Fig. 149) consists of the wood, whose large water con- 
ducting tubes or vessels lie right in the centre of the view. If 
we contrast this with a young stem cut across we And that the 



PLA17T STUDY. 


woody parts are in a ring some distance from the centre. 
(Fig. 150.) There must be some reason for this central arrange* 



Ptflrs. 149, 150.— Young Boot and Stem cut across to show the disposition of 
the strong woody parts (w.) and the softer parts (a.). 

ment of the wood. Let us examine wliat hind of force the 
young roots will have to withstand. When the wind blows 
against the plant above ground, or when a person tries to pull 
a plant from the soil, the effect on the roots will be a pull 
lengthways. (Fig, 151.) The best way to resist such a pull is 



h aggregate the strong woody parts into a central rope-like 
mass, and this almost invariably occurs in young roots. 

4. The Ppoteotion of the Young Root in its Rarlieet 
8tag[es of Growth.— When we cut cross sections (slices) of 
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roots, we frequently find yo\ing roots embedded in them, yet 
from an external examination we should not have suspected 
their presence. Fig, 152 shows a young root embedded in 
an older one. As a matter of fact the young root starts to 
grow deep down in the parent. It gradually bores its way 
out, so thft^ often we can tell where a young root is about 
to emerge, because it causes a slight bulge on the surface of 
the parent. What is the significance of this deep-seated origin ? 
When we consider the delicate nature of the baby rootlet, to- 
gether with the hard character of the soil through which it is 
eoon to grow, we can appreciate the efficiency of the protection 
afforded it by the older root during the earliest stages of 
its life. 

/?. HOW ROOTS ABSORB WATER AND 
MINERAL SUBSTANCES. 

5, Osmosis. — By osmosis we mean the passage of water 
«,nd dissolved substances through a membrane. An experi- 
ment will make this definition clearer. 
If a thistle funnel has its end covered 
with a piece of bladder and partly filled 
with sugar solution, as shown in the 
diagram, we find that on immersion in 
a vessel of ordinary water the level of 
the liquid in the funnel tube grj,dually 
rises. (Fig. 153.) It is as though the 
sugar contained in the funnel attracts 
more water through the bladder. At 
the end of a few days the water in the 
outtir vessel will have acquired a dis- 
tinctly sweet taste ; evidently some , of 
the sugar has passed outwards through 
the bladder. This passage of water one 
way and sugar the other will go on 
until there is an equal strength of 
sugar solution on both sides of the 
membrane. 

Raw 

Let us 
of the 

°the root 'hairs. ‘Structurally, a root lira is 
thistle fuimel. the outgrowth of an outermost cell of 

the root. (Fig. 154.) It is bounded by a 
delicate cell wall made of cellulose, and within this there is a 
thin fdm of protoplasiii or living material. The whole of the 


Ftp/. 153,— Experiment 
xllustrating Oamosis. 
(«.) Sagar solution. 

(w ) Water. 


6. The Root Htiira Absorb 
Food MateriaU by Oemosla.— 1 

apply this principle to the action 
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interior of tlie root hair is a relatively large cavity nUed with 
flap. This sap is very important in the work of the root hair, 
for it contains substances of an acid nature which have a 


great attraction for water. 

Those attractive substances 
have been made by the i^roto- 
plasni of the root hair, and it 
is due to their attraction of 
water that there is any sap in 
the hair at all. They act in 
just the same way as the 
sugar in the funnel (Fig. 153), 
causing more and more water 
to enter into the root hair 
until the latter is turgid or 
distended with sap. The only 
soil w'ater that the root hairs 
utilise is the thin films of 
water closely surrounding the 
soil particles. 


15*4. 



Fig, lU.—Onter edge of a young 
Hoot when cut across. 


7. Turgidity.—If a small vessel full of sugar solution 
has its mouth covered with bladdc^r and the whoh^ is immersed 
in a vessel of water, we find that the bladder gradually bulges 
upwards by the sugar attracting more and more liquid into 
the smaller vessel. (Figs. 155-15G.) This well represents the 
turgid condition of the root hair. 





iLiiUSTBATioN OP Turghuty {Figs. 155— 15^). 

An Imitation of the action of a cell becoming ewollen with sap. 

Fig. 155.— r/w! **C€ll " containing sugar solution {B.)andclosed by bladder {h.). 
Fig, 15C.—The bladder bulges strongly upwards when placed in a vessel of 
water (w.) 

Fig. 167.— The piincturing of the bladder and consequent jet of sugary 
liquid through the hole. 

The above experiment teaches us another thing, i.e. that 
the sugary liquid is pressing outwards on the bladder. We- 
can prove this for ourselves by j)unoturing the stretched mem- 
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brane with a pin ; a fine but forcible jet of water issues from 
the hole. (Fig. 157.) 

When the root hair (Fig. 158, a) contains more sap than the 
cell (b) lying next within it, some of the sap passes through 
by osmosis into this cell, which becomes turgid also. This, in 
its turn, shares some of its sap with the next internal cell (c) 
and so on until all the soft outer cells of the root are distended 
with water. Some of the most internal of these cells (d) 
4ibut on the root’s woody (or water conducting) region (c), and 


159 



Fiff. 158.--Transvpr8e section of a young Boot {i,e. cut croB8wlBe.)—The 
woody part of the root is shown as the four anus of a cross. (For ezplar 
nation of letters a,b.c.d.e, see the text.) 

a strange thing happens when, as it were, they are full to 
bursting point. The Imng material of the swollen cells id) 
suddenly allows the contained sap to e8cai)e into the woody 
region. This resembles in effect our pricking the bladder. 
(Fig. 157.) The water suddenly escapes from (d) irito the 
wood (c) and so the former cells are relieved of their turgidity. 
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consequently being able to again take in more of the sap from 
tlje cells (c) lying without. 

The cells {d) again bcjcome turgid and afterwards force 
their water into the wood ; in fact, they are alternately turgid 
and flaccid, and thus rhythmically 

i ll pump water into the woody 

region of the root. Since this 
woody region is continuous with 
that of the stem and leaves above, 
wo see that the roots will tend to 
force water up the stem. 



Fig* ISQ.-^Experiinent on Boot 
jyresaure. 

Fig. 160 .— Enables ns to estimate 
the amcnmt of pressure in inches 
of mercm'y (h--a). <m.) Mercury; 
(w.) Water. 


8. Root Pressure. — This 
pumping action of the roots 
gives rise to root pressure, i.e. 
the force with which tho roots 
drive water up the stem. Wii 
can easily }>rove that roots Imvo 
this power, jilthough some plants 
show' it better than others. 
Fuchsia and vine phiuts are very 
good examples. The root pres- 
sui’e 18 always stronger in sjn-ing 
time than any other time of tht‘ 
year. A small fuchsia jdant will 
force water up an emi)ty glass 
tube through a height of four oi‘ 
five feet. (Pig. 159.) TJiis merely 
shows us that roots do exercise 
this 1 ) 0 wer; it does not enable 
us to measure the force or to see 
w'hether it varies in intensity Jit 
different times. For tliis a little 
more elaborate experiment is 
necessary. (Fig. 160.) Tho w ater 
forced from the stem by the roots 
is in close contact with mercury 
and transmits its pressure to it. 
We can, therefore, measure the 
amount of the pressure by finding 
the height of the supported mer- 
cury column (a — 5). The use of 
this apparatus brings to light 
the fact that root pressure varies 
in intensity at different times of 
the same day. 

The level of the column rises 



BOOT PRBSBUBB. 


78 


towards afternoon and then sinks again till early morning. 
The student should perform this experiment for himself and 
plot his results on a curve thus : 



Time of day. 


Another experiment also shows the presence of roo t i)res8ure. 
A small garden nasturtium plant growing in a pot is placed 
under a bell jar. (Fig. 161.) First a mistiness occurs on the 
inner surface of the glass and afterwards small drops of water 



NiLTUBAii Pboof of Root PBassUBB (Fig*. Jdl« 

Fig. leh’-Qarden NastvrHum plant placed under a bell ja/r, 

Ftg. le^.^ne of its haves, with drops of water forced oat from the end of 
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appear on tlie edges of the leaves. (Fig. 162.) This water ha» 
been forced up the plant by the action of the roots. It 
a])pear8 in drops because it cannot escape into the water 
saturated atmosphere in the gaseous form. 

9. Absorption. — The student will doubtless have noticed 
tliat up to now' notliing has been said about the absorption of 
tJiG dissolved mineral substances. The thin films of water 
surrounding tlio soil particles contain chlorides, phosphates, 
sulphates and other mineral salts in solution. V/hen we con- 
sider how small a particle of soil is, and how small an amount 
of water will sufii<je to form a film over its surface, we can 
quite understand that only a very small amount of dissolved 
mineral matter is prosf'iited to each individual root hair for 
absor])tion. It is as w ell th.at this is so, for only extremely 
dilute solutions of mineral matters are able to enter the root 
hair. AVhen we treat of w'ater culfcui-es later in the book, th(^ 
student will note wdth what dilute solutions the roots are fed. 

In our osmosis experiment (Fig. loiJ) not only was water 
absorbed into tlie funnel, but sugar passed in the opposite 
direction. Why did the dissolved matter x>ass through the 
monibrane? Because* there was relatively less of it in the 
water on the other side. 

The ultimate rcsidt of osmosis is that there is the same 
strength of solution on both sides. Tliat was why Avatcr went 
in one direction through the bladder and sugar in the other. 

Ap]3lying this to root hair action avo find that (i) some of 
the attractive acid substances come out from the root into the 
soil because they are i)res(‘nt in the root hair and not in the 
soil ; (ii.) That mineral substances enter the root hair because 
it is relatively i) 0 (.)r in those substances. The escjapo of the 
acid sap from root hairs is nicely showui by growing a plant in 
a flow'er pot at the bottom of w^hich a smooth slab of marble 
has been placed. 

Examination after a month or so shows that a ]dan of the 
roots has been etclu^d on the marble by the solvent action of 
the acid. These acids aid the absorbent action of the root hairs 
by rendering soluble some minerals which otherwise would 
have been insoluble. COa from respiration also helps. 

10. Factors Influencing the amount of Absorption^ 
We will now enquire into the following questions: — 

(1) What substances will roots absorb ? 

(2) Will they absorb these substances at equal rates? If not, 

(3) What determines the rate of absorption ? 

Any kind of dissolved mineral substance will pass into the 
root hair if there be more of it in the soil water than in the 
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mp of the root hair. The more soluble a mineral substance 
is, the greater will be the strength of its solution in the ground 
water, and hence the more rapid will be its rate of entrance 
into the root hair. Plants absorb all kinds of dissolved 
minerals presented to them, and the amount of this absorption 
is proportional to the solubility of the miiKiral. The concep- 
tion is, perhaps, rather a peculiar one to grasp : a stream of 
water entering the root hair by osmosis, and also with this 
a number of dissolved minerals entering by streams of different 
rate. 

The above is only true at the early stages of the plant’s 
life; let ns see why. The plant body consists of thousands 
of cells, each of which, as long as it is alive, contains sap. If 
the roots absorb a soluble mineral substance wliich is of no 
use to the plant, the saj) of all the ct lls bf‘conies choktHi or 
saturated with that particular mineral ; absorption of this 
substance consequently ceases. 

Contrast this with a useful absorbed mineral. The living 
protoplasm of the cells is constantly withdrawing tliis sub- 
tance from the sap and thus making room for more to be 
absorbed. It follows from this that the more the cells make 
use of a certain mineral substance, the poorer will th(^ sap of 
the cells be in that particular constituent. But since all the 
sap is ultimately obtained from that of tlie root Ijairs, the 
more impoverished will they be in ro8])ect of this mineral and 
the more they will absorb from without. 

We may summarise the foregoing and say 

(1) At first plants absorb all dissolved minerals in propor- 

tion to their solubility. 

(2) Later they only absorb such minerals as are required for 
use. 

11. Selective Action of Roots.— From what has been 
said above it follows that roots “ select ** the materials required 
by the plant. The word “ select ’* is not a good one to use, 
because it implies that the root possesses a reasoning power. 
This is not so, we know that this “ selective action is merely 
an outward expression, and a direct result, of the demand for 
certain minerals in other parts of the plant. 

All plants do not utilise the same minerals in the same 
proportions. Farmers are well aware that wheat imi)Overishes 
the ground in silica, potatoes in potash, and beaus in lime. 
Scientific manuring and rotation of crops largely depend upon 
this individuality displayed by plants. This subject will be 
dealt with in detail later. 

12. Region and Rate of Growth.— The region of growth 
may be demonstrated by a simple experiment. A bean root 
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bas its tip marked with a series of lines 1 mm. apart. (Fig. 163.)^ 
After a day tbe lines near the tip will be found to be farther 
apart than before (Fig. 164). This shows us that the growing 
point of the root is situated just behind the apex. The student 
will remember that this was also the part most sensitive to* 
gravity. (Figs. 141-144.) 

Do roots grow in length at a uniform rate ? We can easily 
investigate this by germinating beans in a chimney glass. 
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Region or Obowth of Boots {Figs. 

Fig. 163.— A. Marked Bean Boot 
Fig. 164.-18 the result after HO hours. 

jE^. 165.-18 the remit after 8 days.— (Note that the actual tip does not 
increase in length.) 

The lengths of the roots can easily be measured by laying a 
metre scale parallel to them outside tbe glass. From obtained 
results, the student should answer the following questions : — 

(1) Do roots grow uniformly by day and night P 

(2) Does a root grow faster in continuous darkness than in 
alternate light and darkness P 

(3) Is the rate of growth in a root affected by temperature P 
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SUMMAKY. 

A. How Root Structure Fits it for Its Life and Work 

in the Soil. 

1. Root Cap. — Protects delicate root tip from injury ; remains 

of uniform thickness. 

2. Root Hairs. — Delicate outgrowths — clothe the region just 

bohind root tip — their short life. 

3. Aggregation of Woody Tissues Centrally.— To form 

a rop»i-like strand which best resists uprooting. 

4. OitioiN OP Rootlet — Deep within the parent, an ideally 

well-protected position. 

B. How Roots Absorb W ater and Mineral Substances. 

5. Osmosis. — The diffusion of water and soluble substances 

through a monibrane until there is an equal strength of 
solution on each side. 

6. Osmotic Action op the Root Hairs,— B y virtue of their 

acid sap. Note escape of sap into soil and how it aids 
absorption. 

7. Turgidity. — ( i.) of root hairs; (ii.) of cortex by osmosis. 

The most internal turgid cells pump their water into the 
wood vessels of the root. 

8. Root Pressure.— Roots are able to force water upwards 

into stems. This pressure varies according to the season 
and the time of day. It is especially active in spring. 
Stems frequently ** bleed ” when pruned at this season. 

9. Absorption.— 

(а) of water ; 

(б) of dissolved mineral matter in very small amounts. 
Rapidity and extent of absorption depends on the extent 
to which the particular mineral is utilised by the plant. 

10. Region op Greatest Growth in roots is just behind the 

tip. This is proved by marking a root with close-set lines 
and noting the alteration of the distances between them. 

PRACTICAL. 

1. Examine the roots of the floating ** duckweed " for poker-like 

tips with sheaths resembling root caps. 

2. Examine the root hairs on the roots of cress seedlings when they 

have been germinated on moist flannel. 

3. Place sprigs of mint in water and after a few days note how the 

roots burst through the stems. 

4 Perform the experiment on osmosis. 

6, In spring set up the apparatus of Fig. 159. Do not expect 
immediate results. A good result should be obtained by the 
end of a fortnight. 

S, Prove that roots grow fastest just behind the apex. 
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The Stem. 

1. Functions,— Here, as in the root, we shall best under- 
stand the external and internal a]»pearance of stems by studying 
them in connection with the work they do. 

The main functions of stems are (i.) to conduct raw food 
materials up to the heaves ; (ii.) to spread out the leaves to the 
sunlight in order that they may manufacture these raw 
materials into actual plant food, and (iii.) to conduct the 
t^laborated foods back from the leaves to the growing points 
or to the storage regions. 

The student should bear the above three functions in mind 
whilst reading the remainder of this chapter. 

2. ThB External Appearance of Stems.—The outside 
view of stems differs very widely according as the plant in 
qui'stiou has a life of one, few or many years. With a plant 
living merely one year (an annual) the stem is relatively 
sleiuler, has a green colour, and is covered with a delicate 
trails] >arent skin called the epidermis. Twigs of plants which 
live for many years have the same appearance as the above 
during the first few weeks of their growth. An annual plant 
requin^s to make food as rapidly as possible, so as to enaWe it 
to ])roduce efficient seeds at the close of the season. Hence the 
green colour retained by the stem. This colour enables the 
stem to act as a food-making organ and so assists the leaves in 
their main work. 

On the other hand, since such a plant will die down in the 
Autumn there is no necessity for provision to be made for pro- 
tc’cting the stem from the rigours of winter. Further, the 
number of leaves to be held out to the light is very few com- 
pared with those produced on a long-lived bush or tree ; we 
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therefore find that a slender stem is strong enough to support 
the weight of leaves, and also that it is not necessary for the 
stem to branch extensively. 

Any of the very numerous annual herbs will serve as an 
example of the above. 

Some plants on the other hand live for several years, and 
we consequently find differtmces in the appearance of tlieir 
stems. The green colour of the stem is replaced by a brownish 
tint. If we remove the ]>rotective layer from the Outside of 
the stem we find that tlie fi)rmer no longer possesses a 
membranous, transparent structure, but that it is much 
thicker thau before. This protective coat, although it seems 
merely a skin, consists of a corky belt of cells lying several 
ranks decq). This is a good protection against cold and also 
it prevents the evaporation of the sap of the> cells lying 
below. The plant tlms sacrifices the food-making benefit of 
the stem in order to guard itself sufficiently during the winter 
months. The wallflower ])lant is a typical example. 

Other diftonuices presentee! by such a stem are the thicker 
girth and increased branching. The significance of these 
difFeronces will be seen later. 

Coiuiug now to perennial plants, whose stems remain above 
ground many years, we find a greatly increasc^d girth, 
innumerable branches, and a thick crusty bark on the exterior. 
All tli(fse difForences in a]>pearance are bound up with th(' 
long life of the i>lant. The longer the plant lives, the more 
sunliglit is available for its leaves, and more! food is mad(^ 
during the life of such a jjerennial ])l?int than in ])lants living 
but one or a few years. Some of this increased amount of 
food is used in making more leaves. Since the plant is con- 
tinuously the possessor of an ever-increasing number of leaves, 
the latter will require : — 

(a) To be held out to the light. 

(b) To be 8ui)plied with water and mineral substances from 

which they can manufa(jture food. 

The branching of the stem is an indication of its x>er-> 
forming the former function, whilst its increased girth shows 
us that it is conveying more raw materials upwards and also 
supporting an increased weight of branches. 

If such a stem be increasing in girth its thin corky externjil 
coat will be too small for it and will be ruptured. This 
Hotually takes place, but just at the time of rupture the plant 
stem prepares another band of cork below. When a further 
thickening of the stem has taken place, this cork band is 
ruptured in its turn and is replaced by another corky layer 
produced more internally still. This goes on again and again. 
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the bark thus becoming thicker and thicker. Examine the 
rugged bark of an elm, oak or elder tree (Fig. 166) and note 
its deep clefts. These clefts are narrower towards the trunk, 



Fig. 2^.— Woody BUm cut 
cro88wayft to show the ba/rk. 
The points (a a) were origin- 
ally in contact. 


Fig. 267.— Mwn enlarged view of 
small part of the Hark in Fig, 
266, showing which parts were in 
contact in earlier years. 


becoming wider and wider nearer the outside. (Fig. 167.) It 
will be seen how these fissures widen year by year. At one 
time (an early stage) the points marked a— a were in contact. 
They were then burst asunder, and their rupture was followed 
by that of bb in the next year, cc, dd^ ee in the next three years. 

It is very instructive to peer deep into the crannies of an 
oak tree’s bark in Spring and to actually see the splitting 
process. Bight at the bottom of the chink, the sides of which 
are black with age, we can see a bright yellow streak, where 
the actual splitting process is going on. 

3. Growth of Stems in Lien^th.— This again is a real 



Fig. 258.— JDio^ammatic illustration of the great increase in avaUablo 
iUuminatea area, consequent on elongation of a tree's branches. 


necessity in order that the greatly increased number of leaves 
may receive a sufficient illumination. 
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We can very aptly compare the whole leaf surface of an 
oak tree to an ever-increasing hemisphere. (Pig. 168.) The 
•diagram in Pig. 168 does not, however, give us an adequate 
idea of the tremendous increase in available illuminated area 
consequent on an increased diameter of a tree from tip to tip 
of its branches. If the diameter (a to h) increase twice, the 
area illuminated from above and from the sides increases 
fourfold ; if it increase four times, the illuminated region is 
increased sixteen-fold. It can be seen from this what an 
advantage it is to the plant for the stems to increase in length. 
This they do by means of the buds which are always found 
at the tips of steins. Pig. 169 shows us in a very diagram- 
matic fashion the necessity for something further. 

We liave in ^ a small plant whose branches c are sufficient 
for holding out leaves in such a way as to utilise all the 
available light. When, however, the buds at the ends of these 
branches have caused an increase in thoir length as in we 
find a considerable amount of the light not being utilised (i.c. 

160 
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Fig. J 69 .Showing the neceaeity of lateral hranchea. 

that which falls upon the spaces a a between the branches). 
Hence the necessity for buds being produced on the sides of 
the main branches so that they may in their turn develoj) into 
smaller branches b h, the leaves of which will utilise the light 
falling through the gaps a a. 

We thus find buds in two positions on stems : — 

(а) End buds, to continue the growth of the same stem in 
length. 

(б) Side buds, to produce new branches so that no light 
may be lost. 

The shade under a leafy tree shows us how well the 
branches perform this particular work. 

4. Buds. — In dealing with the root we noticed the delicacy 
of the organ in its youngest stages. The same remark applies 

6 
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to stems. In its delicate growing period the stem is always 
in the bud condition, t.e. it is covered by delicate young leaves- 



Fig. 170.— Sycamore Twig, showing protected positions of the buds. 

closely crowded together. We note here how buds are pro- 
tected by the position in which they arise. (Fig. 170.) 

5. Their Protected Positions.— The normal position 
for a side bud is just within the angle (axil) formed by a leaf' 
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«talk with the stem. This is an ideally sheltered spot in 
which the bud arises, for the leaf stalk affords a protection on 
three sides and the main stem on the fourth side. (Fig. 170.) 

There are several plants whose buds are specially well 
protected. Ju an ivy twig (Figs. 171, 172) we cannot see the 
buds at all. They are completely covered by a sljeath at the 
base of the leaf stalk, and can only bo seen when the latter is 
pulled in a downward direction. When we remember how 
ivy leaves remain on the plant through the winter, we can 




^9. ir^m.-^Trotectim of Bud. in mam. (it.) Stem ; (h.) Bud ; (l$.) Leaf 
Btalk; Leaf Stalk Sheathing Base. 

understand how the stalks of the leaves give a long ])rot#-ction 
to the buds, and thus the plant need not 8U])]>ly the latter 

with any further protection. 

The plane tree (Figs. 173-175) completely envelops its buds 
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Figs. 17G, 177.— ‘Bud Frotection in Sumach. The buds do not show at {a n) 
because the leaf stalks have not been cut across low enough. 


hi tlio leaf stalk bas(3S. Notice how swolh^n those are iu Figs 
173, 174. Towards October the leaf can be easily (h^taclK^d 
from the stem, and we find that the bas(3 of its stalk formed a 
tightly-fitting case over the bud lying within. (Fig. 175.) 



Pbotbction op Bud in Ehubabb {Figs. 178—180). 

Fig. 178.— Young Leaftoith its Sheath. 

Fig. 179.— A Leaf hur sting a Sheath from within. 

Fig. 180.— Longitudinal Section f Fig. 178 showing structure of bud (S 
leaves with sheaths are shown), {l.b.) Loot Blade; (f.s.) Leaf Stalk r 
(i.8h.)Leal Sheath. 
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A very similar state of things is found in the sumach tree, 
a plant easily recognised by the wooUiness of its stems, the 
very many pairs of leaflets on its leaves, and the beautiful red 
colour these turn in the Autumn. (Figs. 176, 177). Here 
again no buds can bo seen, but they come to view if wo cut 
the leaf stalks across at different levels near their base. 
(Fig. 177.) 

A very interesting bud is that of the common rhubarb. 
(Figs. 178-180.) At the base of the leaf stalk (i.e. tlie edible 
part of the plant) there is a long oval whitish case. (Fig. 178.) 
On opening this sheath wo find another leaf, at the base of 
which is a second sheath. Inside this latter sheath are another 
leaf and sheath, and so on. (Fig. 180.) A new leaf bursting 
out from its x^roteefcive case is shown in Fig. 179. The 
general arrangement of leaves and sheaths is shown in 
Fig. 180, where the whole structure is cut lengthways (a 
longitudinal section). 



Fig. isi.— Winter condition of Horse Chestnut Twig 

Fig. 182.’-‘l>i88eciion^ aHorse Chestnut Bud. — («.&.) End Bud; (s.l.) Scalfr 
Leaves; (l.s.) Leaf Scar; {h.p.) Breathing Places on the Stem; (s.h.) Side 
Bud ; (w.) Woolly Hairs clothing the Foliage Leaves ; {s.l.s.) Places where 
the Scale Leaves have been cut away; (b.) Small Bud. 

6. How Buds are Protected in Themselves.— 

Speaking generally, we find that during the first six months’* 
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^owtb of a bud ( 1 . 0 . during its most delicate stage^ it is 
protected by the base of a leaf stalk. The leaves fall in the 
Autumn, but by this time the bud has produced protective 
structures of its own. We will now examine these a little 
more in detail. 

Nearly every bud forms an investment of thick scale 
leaves tin its outer side. These are brown on the outside, and 
although much smaller than foliage leaves, they are firmer 
and more massive in structure. These scale leaves are well 
seen in Fig. 181. Plants like the horse chestnut (Figs. 
181, 182) produce a further protection. They glue the scale 
leaves togctlur with thick resinous material, which gives them 
protection against the cold. The shining ax)pearance of these 
buds is due to the resinous external coat. 

If we cut away all the rtisinous scale leaves from a horse 
chestnut bud, another protective contrivance is seen. The 
leaves and stem lying within are thickly invested with a mass 
of woolly hairs. (Fig. 182.) These act as a blaiiket in keeping 
the cold away from the 'delicate jjarts. 
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7. C'^Titeiits of Buds. — Inside the protective layer of 
^caie leader enveloping buds we find the true foliage leaves 
packed away in a truly marvellous manner. No space is lost. 
The leaves are fitted close to one another, and in many cases 
the leaflets are folded up in various ways. 

8. Arrangement of Leaves in Buds.^Sometimes they 
are crumpled up, sometimes they are quite regularly folded. 
If we take a bud and cut it crossways, we si ..U be able to see 
the general disposition of the leaves inside. Two of these 
transverse sections are shown in Figs. 183, 184. The student 
should bear in mind that a leaf when cut across will appear as 
•a line because it is sut b a tbin plate of tissue. Any thicker 
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part of this line will show where a largo leaf -vein Las been cut 
across. Fig. 183 gives the transverse view of a lilac bud. 
The leaves are in pairs, each pair at right angles to the next 
pair, and some sixteen leaves can be made out. Fig. 184 
shows that in the sycamore bud the leaves are folded fan-wise. 



Bud Btbuotdrb in Stoamobb {Figa. 184—189). 

Fig. 184.— Bvd out acroaa.—Hote difference between foliage and scale leavea- 
Fig. ll^.— Mature Leaf of 8y cant ore. 

F^. 1^6.— How the Leaf is joldsd. in the Bud. . 

Fig. 187 —How the avpearance of the Foliage Leaf in the Bud is obtn%ned. 
Figa. 188, 189,— How the Leaf would have appeared if the bud had been cut 
aoroaa deeper down. 


Outside we have the protective zone of scale leaves, whilst 
within this are two foliage leaves. Apjiarently there are ten 
leaves or thereabouts, but this is not so, for if we consider the 
mature leaf of the sycamore, we find it has five or six chief 
veins, and in the bud the leaf is folded so that these veins lie 
parallel to one another. (Figs. 186, 186.) Since the section has- 
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happened to cut the leaf high up we have the appearance as in 
I’ig. 187. Had we cut the leaf lower down we should have 
had a continuous wavy line as in Figs. 188, 189 

The ash bud shows us a somewhat similar arrangement, but 
here four pairs of fohage maves can oe seen. (Fig. 190.) The 
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mature foliage leaf of tke ash has many pairs of leaflets. 
(Fig. 191.) Each leaflet in the bud is folded on itself in a 
similar way to the parts of the sycamore leaf. 

In wheat and other grasses (Fig. 192) the leaves are coiled 
round one another in a close spiral. We noticed this construction 
in connection with ^he germination of maize, wheat and barley. 
For demonstration tc a class of school children a cabbage or 
lettuce shows bud structure on a very largo scale. In either 
of these there is a short stem closely clothed with leaves which 
are more and more delicate and more adequately protected the 
nearer they li<j to the stem itself. 

9. The Presence of Flowers in Buds. — This may come 
us a surprise to some readers, but a inoruent’s reflection as to 
the early flowering of some of our British jdants will lead one 
to see that it will he most probable that such plants will form 
rudiments of flowers in their hiids, so that tlu'ycan he unfolded 
at tlic earliest oijportunity in the Spring. 

The horse cliestnut bud may ho oval or more globular in 
shape. (Figs. 193, 194.) We shall mostimobably And flowers in 
the latter but not in the former variety. The globularity of 
buds is frequ(*ntly an indication of flowers within. Contrast 
the shapes of the buds shown on the elm twig. (Pig. 195.) 
The roundish buds here contain flowers whereas the longer 



Fig$. 197 — 901.—8trncfv.re of a Uhododend/ron Bud* 

Fig. 19S. — Bud cut down. 

Fig, l99.—8<'n le Leuvea removed from Bud. 

Fig. iiOO.—Bud cut croaawn.ya. 

Fig. m.’-^Flniver cut length waya.-^la.l.) Scale Leaves ; (/.I.) Foliage Leaves;. 
(s.l.a.) Scale Leaf Sears: (/./.o.) Flowers; (c) corolla; {at.) Stigma: {ata.) 
Stamens ; (o.) Ovary ; (/.s.j F ower Stalk. 

variety contain only leaves. Iletuming to the horse chestnut 
bud, we find, on cutting away the sticky mass of scale leaves- 
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«ud separating the woolly foliage leaves, that a fluffy cone-like 
structure remains centrally. (Fig. 196.) If the bulk of the 
fluffy hairs be removed with a needle we can discover that the 
whole cone is covered with tiny globular rudiments of flowers. 
The cone will expand in the Spring to form the large spike of 
pink and white flowers which sometimes reaches a length of 
ton inches or so. 

Another bud wed worth dissecting is that of the rhododen- 
dron. Its structure is fully indicatf^d in Figs. 197-201. In 
this bud the flowers are so large that their structure can be 
-(easily investigated with a hand lens. Fig. 201 gives a 
longitudinal section of one of the flowers. 


10. Shapes of Buds.— Winter is the time for bud 
examination. It is a very good plan to 
yM take a walk through a wood merely to 

^ examine the variously shaped buds 

^ A# which characterise our forest trees. Oak 

\ /W will be found to have short “squat” 

\ fj buds, whilst the other extreme will be 

MK/ fouud in beech buds. (Fig. 202.) The 

1 j/V student should draw these carefully and 

y/ note in each case the texture, shape, and 

number of the investing scale leaves, as 
202. II iilso the number and character of the 

pi foliage leaves which are discernible. 

Jy 11. Elongation of the Stem. — The 

/Jf more interesting part of our work con- 
sists in keeping particular buds under 
observation at the time of their bursting 
in Spring. The mam points noticeable 
I are : (1] the separation and sometimes the 

I immediate fall of the scale leaves ; (2) 

J the great and rapid increase in size of 

the blades of the foliage leaves ; (3) the 
sudden elongation of their hitherto short 
leaf stalks ; (4) the straightening out of 
the broad leaf surfaces from their folded form; and (5) the 
increase in growth of the stem itself. Successive stages like 
those of sycamore (Figs. 203-208) should be drawn and compared. 

The bursting of lilac and elm buds is shown also in 
Figs. 209, 210. 


12. Examination of Scars found on Woody Stems. 

— An ideal way is to mark one particular twig by tying a 
string round it and to observe the development of this one 
twig for several years. The student will then be easily able to 
read tiie scars found on old stems. 
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Figs. 1^03— SOS. —Successive stages in the openiug of a Sycamore Bud. 

Whenever a bud throws off its scale leaves w'o find that a. 
circle of ring-like scars is left on the stem. This enables us to 
decide how much of the length in an old stem has been added 
on in any particular year. 
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13. The History of a Branch.-— The four Figures, Nos. 
211 to 214, showing the winter condition of the same sycamore 
twig will repay the most careful study. 


Table of Explanation of Figs. 211-214. 


Fio. 

Ykah. 

Li’.ngtii of Stem 
Proddoed 

This Length 

BY (iHOWTH 
OF HUDS. 

Side Buds 
Produced 

211. 

1st Antiirnn 

Fro*m 0 to 1. 

Terminal bud 

Those marked 
1 . 

Those side 
buds 2 situ- 
ated on the 
new length of 
main stem. 

212. 

2ri(l Autumn 

From ringscar 1 to 
end bud 2, side 
braiichefl from 1 
to buds 2 at ends 
of short branidies. 

By all the buds 
marked 1 
in Fig. 211. 

213. 

3rd Autumn 

In main stem and 
larfjer brauches 
from riiij»scara 
marked 2 to end 
buds marked 3. 

By all the buds 
marked 2 
in Fig. 212. 

The side buds 
marked 3 (1 
pair seen in, 
the main 
stem and 1 
pair in the 
largest 
branch). 

214. 1 

4th Autumn 

1 

All increased length 
of stoius from 
ringsears marked 

3 to the end buds 

4 or to the groups 
of fruits 4. 

By all the buds 
marked 3 
in Fig. 213. 

All the side 
buds marked 
4. Those are 
shown in the 
majority of 
the branches. 


The ring scars in the above Figures must not be confused, 
with tht5 scars of the foliage leaf stalks. (Fig. 215.) 

215 . 



Wig* SlS.^Winter condition of a Sycamore Twig, 
wig, portion of a Twig to show the 2 hindc of tearcv. 

if ,9,) Bing Scar; if, 1,9.) Foliage Leaf Scar. 
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Just below each side bud ou the stem we find the horse- 
shoe-shaped scar of the leaf stalk. Pig\ 21(3 shows the two 
kinds of scars on the same twigs, so that no difficulty will be 
experienced in distinguishing one from the otlier. 

One thing especially noticeable from Figs. 211-214 is that 
relatively few branches are produced. The specimen from 
which Fig. 214 was drawn had 135 leaf scars but only 57 buds 
•or branches. Many evidently had been destroyed, since tracc;s 
of them could be seen. On the other hand, some had remained 
in a quiescent or dormant condition and had not developed. 

A plant does not develop all its buds into branches at once. 
It is interesting to note tliat many of its buds only dcveloi> 
when an accident has stox>ped the growth of other buds. 


SUMMARY. 

Main Funotions of Stems. 

(а) To hold leaves out to light. 

(б) To conduct water and minerals to the leaves, 
(c) To conduct food from the leaves. 

/General Appearance of Stems in Plants. 


A. 

LiyiNG One Yeab. 

B. 

Living Few Ybabs. 

C. 

Living Many Ybarb. 

■Slender. 

Oreen. 

Little branched. 

Covered with epidermis. 
Bears relatively few 
leaves. 

Juicy texture. 

Stouter. 

Brown. 

Branched to a greater 
extent. 

Covered with cork. 
Bears more leaves. 

i 

More woody. 

Very thick. 
Frequently black. 
Much branched. 

Covered with bark. 
Bears thousands of 
leavea 

Very woody Indeed. 


Buds by their growth enable a greater illuminated area to be 
utilized by the leaves. 

Protection of Buds. 

1. Position : In angle between leaf stalk and stem. 

Special contrivances in ivy, plane, sumach, rhubarb. 

.2. Protective Structures in Bud itself. 

(a) Scale leaves (nearly all buds). 

«(d) Resin. (Poplar, horse chestnut), 
fc) Hairs. (Horse chestnut, willow). 

Some buds contain flowers as well as leaves. (Horse 
'Chestnut, rhododendron). 
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Packing of Leaves in the Bud. 

Leaves either folded or crumpled. 

No space is lost in a bud. 

Yearly Growth of Stems in Length. 

Stems show two kinds of scars. 

{a) Scars where leaf stalks have fallen. 

(b) Scars where bud scales have fallen. 

Therefore bud-scalo scars enable yearly growth to bo traced. 

in any one Year. 

(a) The end bud elongates. 

(b) The side buds gro w out into branches. 

(c) New buds are formed on both main stem and side 
branches. 


PRACTICAL. 

1, Examine the branching of forest trees. 

2. Draw the distinctive shapes of forest trees. 

8. Note differences in shapes of tho same kind of tree when 
grown— 

{a) In the open. 

{b} In a close copse. 

4. Examine and draw as many buds as possible, 

5. Examine the stems of any woody plant for leaf scars and bud 

scars. 

6. Keep some opening buds under observation and draw successive 

stages. 

7. Reconstruct the previous appearance of a stem for several years.. 

past on the evidence afforded by its scars. 





CHAPTER X. 


The Stem as a Conducting: Orgfan. 


How the Internal Structure of Stems Fits them for 
their Work. — We have dealt with the importance of the 
stem as a water and food conducting organ in the previous 
ohai>ter and noticed that one reason for stems growing thicker 
as they grow older was that they might convey more water up 
to the leaves. 

It now remains for us to examine the conducting tissues 
more in detail. In soft juicy stems they are found in the 
form of strings or threads known as vascular bundles. The 


217. 


2i8 



Fiaa, SIT, 218.— The arromgement t 
m Stems, possessing one Seat 
Seed Leaves {Fig. 218). 


'the Vascular Bit ndlcs 
Leal {Fig. SIT); two 


juicy stalk of a cabbage shows these vascular bundles very 
plainly indeed, but we can observe them iu young stems as 
dots on the cut surface. (Figs. 217, 218.) 

1. Arrangement of the VaBOular Bundles In Green 
Stems. — The disposition of these conducting strands varies in 
different plants. In plants like maize, barley, wheat, which 
IT 
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have but one seed leaf in their seed?, we find the vascular 
bundles dotted all over the cut surface of the stem (Fig. 217), 
but in young steins of those plants which have two seed leaves 
the conducting strands are always arranged in a ring. (Fig. 218.) 

2. Use of the Soft Region in Green Stems. — All the 

rest of the stem (except the outermost skin or epidermis) is 
soft and juicy, and consists of thin- walled cells swollen out with 
sap. It is the swollen condition of these colls which gives a 
rigidity to the green stem, for the surface skin or epidermis 
to'iids to prevent them from swelling, and is thus made taut 
and strotclied. 

The student may compare the rigid condition of a young 
stem produced by its swollen internal tissue and its restraining 
stretched epidermis with the firmness of an inflated football, 
produced by the swollen bladder within and the restraining 
taut case outeide. That the skin of a yoimg stem is stretched 
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Tensions in Tissues (^Igs. 219--S23). 

Fig. 219.— Complete ElCC^r Stem. 

Fig, 220.— A. A strip of skin removed ^rorn the Stem B. 

Fig. 221. — All the akin removed but one atrip. 

and that its internal tissue is compressed can easily be proved 
by experiment. A part of a young elder stem, free from leaves 
(Fig. 219) was taken and carefully measured. Its length was 
21*9 cms. The outer skin was then cut off strip by strip with 
a sharp knife. On the removal of the first strip, the stem was 
found to have curved over slightly in the opposite direction. 
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(Fig. 220b.) When all the skin had been removed except one 
strip (Fig. 221), the stem had a very pronounced curve indeed 
over towards this remaining strip of skin. On removing this 
last strip, the whole of the central mass was exceedingly flabby, 
and had lost some support. But the strips of skin were equally 
flabby. Evidently, then, neither central region nor skin 
afforded any intrinsic support per se but only when both werii 
present. 

To prove the matter conclusively, the lengths of the central 
region and the detached skin were measured accurately, ami 
were found to be : — 

(a) Central region 22*8 cnis. 

{h) Skin strip 21-6cms. 

Now the original length of the complete stem was 21 *9 cins. 
When freed from the skin the central soft mass was 
longer than before ; whilst the separated skin was shorter than 
l)efore. The only explanation is that the skin was restraining 
the swelling of the central region with saj), and was itself 
being stretched in consequence. Tliose two actions — ooiji])r(is- 
sion and tension — are therefore mutual and inseparable, and to 
them we owe the rigidity of succulent stems. This has an 
important bearing on the life of annual plants, which have not 
the food at their disposal from which to manufacture rigid 
woody stems, and yet have to hold out their loaves to the light. 

3. Dual Nature of the Conducting Tissues. — For the 

student thoroughly to understand the necessity for there being 
two kinds of conducting tissue in stems, and in otlujr plant 
members in addition to stems, wo must slightly anticipate a 
later chapter, where food manufacture is treated fully. 

Stems conduct water by their wood to the leaves, so that 
the latter may make sugar. This sugar is not retained in the 
leaves, for it is not all required there. It may travel back by 
osmosis through the soft cells of the leaf into the cells of like 
nature comprising the bulk of the stem, and from these it may 
travel up or down the stem according to necessity. The 
sugary substances always travel in this slow, oozing fashion 
through the juicy cells of the jdant. 

We did not call this region a condmjting tissue in the 
earlier paragraphs of this chajjter, because the cells comprising 
it are not obviously lengthened into conducting pipes or tubes ; 
nevertheless, soluble carbohydrates are always conveyed thus, 
and so, strictly speaking, the softer regions of stems are con- 
ducting tissues. 

We investigated in an earlier chapter the chemical character 
of protoplasm, and found it to contain sulphur and nitrogen. 
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These latter substances ascend the woody parts of stems in 
the form of sulphates and nitrates dissolved in the water. 
The plant needs to combine these mineral salts with sugar 
before it can have any new proteid food. It is an open 
question as to where this synthesis takes place» but there is no 
doubt wlMitever as to the path along which the nitrogenous 
food-stufts travel when once they have been elaborated. 

Lying alongside the woody conducting strands we find 
another conducting region called the bast or phloem. The 
walls of the bast tubes are much softer in texture than those 
of the wood, and so they are more easily overlooked. 

Nitrogenous foods always travel through the bast tubes, 
whether they are going up the stem to form new living matter 
in the regions of the buds, or in a downward direction for 
storage or general nutrition purposes. 


4. Summary of the Conducting Tissues. 


Geneual 

Textube. 

Name. 

Length op 

CEIiliS. 

MATETtlAIiS 

CONVEYBU. 

Dibeotion. 

Hard. 

Wood (Xylem) 

Long, tubular. 

Water. 
Mineral salts. 

Upwards. 

Soft. 

Bast (Phloem) 

Long, tubular. 

Nitrogenous 

substances. 

Upwards or 
downwards. 

Soft. 

Juicy Cells. 

Short. 

Sugar. 

Upwards or 
downwards. 


Detailed Examination of the Wood and Bast. — 

We must call in the help of the miscroscope here, since the 



Fig. m— rr<»n»t>er8« aeeHon of a young Wallflower Strnn, 
nient of tissues.—Cd.) Bast; (ca.) Cambium ; (w.) Wood ; 
Medullary Bay ; (co.) Cortex ; (ep.) Epidermis. 


showing arrange 
ip.) nth; (m.r.) 
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Figs, S23f 22 i.-^Enlarged view of a "bwndU and adjoining tiastUB 
from a young Wallflower Stem. (Belerences as in Fig. 222). 
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individual cells are much too minute to be seen otherwise. 
The general arrangement of the woody parts has already been 
seen in Fig. 217, 218. A young wallflower stem, much mag- 
uifled, is shown in Fig. 222. 

We see the ring of vascular bundles embedded in the softer 
cells, and the surface skin of cells surrounding the whole. 
The softer cells or parenchyma constitute (1) the pith in the 
centre of the stem, (2) the medullary rays lying between the 
vascular bundles, and (3) the cortex lying between the vascular 
bundles and the epidermis. Each vascular bundle consists of 
two parts : — 

(a) The inner hard woody i)arl: ; 

(5) The outer soft-celled bast region. (Fig. 223.) 


225 . 


In this more detailed view, notice the large vessels of the 
wood, and also the rather large tubes (sieve tubes) of the hast. 

It will be seen that these two kinds of 
cells do not comprise the whole of the 
vascular bundle. We find fibres and 
other cells packed in between them. 
These, as also the wood vessels and sieve 
tubes will be much better seen in a view 
of the stem cut lengthways ^longitudinal 
section. Fig. 224). The student should 
note particularly the length of the wood 
vessels and the sieve tubes. This by 
itself is a strong indication of their con- 
ducting function. The sieve tubes get 
their name from perforated areas (sieve 
plates) in th(*ir walls, whicli allow the 
passage of the nitrogenous food stuffs. 
Two of these sieve plates are shown 
in Fig. 225. 

The long fibres (/) seen dovetailing 
into one another in Fig. 224 are not 
conducting in function, but give a me- 
chanical strength and support. Indeed, the supporting function 
of the wood is only second in importance to its value as a 
water-conducting region. 

We have left unmentioned one part which may seem very 
insignificant in itself, but the importance of which in the 
later life of the sttm cannot be over-estimated. 

This is the thin band of soft cells lying in each vascular 
bundle between the wood and the bast. It is known as the 
Cambium, and to its activity is due all the later growth of the 
stem in girth. (Figs. 227, 228, 231-233.) 



IHff. 2S5.— Sieve Tubea 
showing their Sieve 
Plates. 
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6, Neoessity of Inorease In Girth of Stems. —Froni 
what has been said previously concerning the water-carrying 
function of the wood, the student might form a very erroneous 
opinion on examining the cut surface of any felled tree. lie 
might think that the wealth of w'ood has been formed for the 
sole purxjose of supplying the leaves with more water. This is 
a wrong conception. The falsity of this was strongly brought 
home to the writer when in Nithsdale a few months ago. An 
oak tree had been recently felled and its stump was found to 
be “ bleeding ** every nioniing in the peri})heral region of the 
wood. The bulk of the wmod in the centre of the tree was 
always quite dry. (Fig. 226.) Later in the day the phenomenon 

226 



Fig* 286.— Bleeding ” of an Oak Tmnk.--The blade part of the ent surface 
of the wood was the only part from which water oozed. 

was not noticed because of the sun’s drying action. This clearly 
showed one very important fact: only the wood lying just 
within the bark conducts water upwards. This is the sap 
wood; the central, dry mass of w'ood (the h(;art wood) merely 
subserves a mechanically supporting function. Of course, as 
a stem increases in girth, it necessarily follows that the sap* 
wood increases in amoimt, since it lies on an ever-increasing 
circumference, but the biological necessity underlying the 
great increase in girth in a stem is the fact that an ever- 
increasing mass of branches has to be su]>ported. These 
branches we have already seen to be absolutely necessary in 
order that the increased number of leaves may be presented to 
the light. 

The main function of a trunk-like stem, therefore, is sup- 
porting, whilst the conducting work is limited to, and adequately 
performed by, that wood which lies nearest the bark. 
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7. Heohanism by vhioh Stems Increase in Thick- 

ness.— We have already noticed the soft juicy living cambial 
cells lying between the wood and bast in tne bundles of a young 
stem; the adjective ** living’' is introduced here in contrast 
with the dead vessels of the wood. 

Whether the wood vessels be full of water in the sapwood 
or whether they be Ml of air in the central heartwood, they 
are all alike in that they contain no protoplasm, Tfe might 
very well term them “ cell skeletons, "and not cells. The same 
remark applies to the long strengthening fibres scattered 
throughout the wood. 

Why should the thin layer of living cells lying between the 
wood and bast be so important ? Because it retains for man y 
years the power exhibited so strongly by the cells situated at the 
growing tips of the branches : the wonderful power that cells 
have of dividing and so producing new daughter cells. 

The student should reflect for a moment on the thousands 
and thousands of new cells that must be produced by those few 
energetic cells lying at the tip of the stem of an oak seedling 
before an ancestral tree is produced. 

The delicate cambial cells in the vascular bundles retain 
thia generative power and give rise to new cells, both towards 



The F0EMA.T10N OF A Complete Caubia.l Eino 
(Figs. 227, 22H.) 

Fig. 28J'.-~The Cambium shown as a dark line traverse 
ing the Vascular JBundlea. 

Fia 228>-~‘The completion of the ring by cells lying 
along the dotted line becoming cambial xn function. 

the pitn of the stem and also towards its outer side. Fig. 22 T 
clearly shows that these cambial regions all lie on the circum- 
ference of the same circle in the transverse section of the stem. 
The soft cells lying on the other parts of this circle (Fig. 22S, 
dotted line) also exhibit a similar activity and give rise to new 
cells both within and without. We now have a continuous ciide 
of actively dividing cells. This is in transverse section , but if we 
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^ondder the position of the cambium through the stem’s lengthy 
it will evidently be in the form of a hollow cylinder. As this 
cylindrical cambium produces more and more cells on its inner 
side, it becomes a cylinder of ever-increasing diameter. 

The daughter cells produced on the inner side grow very 

greatly in length. They may 
remain thus as long fibres or 
their end walls may be 
absorbed so that long con- 
tinuous tubes or vessels are 
formed. (Figs. 229, 230.) 
Lastly, their walls arc 
changed from thin delicate 
cellulose to thick resistant 
woody material, and thus 
more wood is added to the 
continuously-thickening 
stem. 

The cambium produces a 
far greater number of cells 
on its inner than on its outer 
side. Some of those produced 
in the latter position elongate 

Thb Formation of^Vbssbls to form the fibres and the 

Pig • SSQ.-'ThreecHls above one another, sieve tubes of the bast, but 
Fig. 230.— ia.b,c.) Three lengthwise views their soft cellulose Walls are 

not converted into wood. 
The process of thickening 
is shown in Figs. 227, 228, 231-233. These will repay a careful 
study, 

8. Annual Ringa.— -In Spring a cracking of the bark takes 
place, and this relieves the pressure on the internal tissues. In 
addition the root- hairs below ground are specially active in 
absorbing water in spring, and root pressure is then at its 
maximum intensity. There is thus an abundant flow of sap up 
the tree. At this time the cambial cells are able to make largo 
new cells, for there is plenty of sap with which the cells may bo 
swollen out, and also they may more easily swell out since the 
pressure of the bark has been relieved. As a consequence we 
find that the wood vessels formed in spring are of a large calibre. 

In Autumn there is less sap available and also the bark has 
been strengthened prior to the oncoming of winter, and we find 
that the wood produced at this season is much closer in texture 
than the sj^ring wood. In fact it consists very largely of long, 
narrow, thick- welled fibres. The difference in the texture of 
these alternating spring and autumn woods gives the well 
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known appearance of the annual rings. (Fig. 233.) From tlieiu 
it is easy to calculate the ago of the tree trunk. A detailed 
view of the gradual change in character of the w'ood ju-oduced 
in two years or so is given in Fig. 234 (See also Micro-Photo- 
graph on page 277). 

9. Medullary Rays. — We have, for simplicity, spoken as 
though all the cells produced by the cambium turned into 
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234. — Two years’ growth of wood %n a TAine Tree . — The largo cells are 
the vessels, the smaller ones are the wood fibres. Four medullary rays 
are shown. 

wood or bast, but this is not so. The long whitish streaks found 
radiating from the pith of a trunk to the bark consist of cells 
which have not been altered. They remain as juicy living 
cells and constitute the medullary rays. Just a few of these 
may be traced from the pith to the bark, but the bulk of thorn 
are much shorter. They seem to start at any point in the wood 
and traverse the latter for variable distances. (Fig. 233.) 
Figs. 234-236 will make clear that these medullary rays are 
merely bands of cells and not continuous sheets running 
throughout the whole length of the stem, 

10. Bxtent of Living Tlwue in Stem..— the wood 
proper (vessels and fibres) is composed of dead cell walls. 
Similarly the bark is dead because its waterproof mature cuts 
it off from food. There only remain the cambium and the bast 
(excessively thin layers lying just within the bark) togpethor 
with the medullary rays which consist of living tissue. 
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11. Use of the Medullary Rays. — ^Examination by the 
microscope shows us, especially in autumn-gathered material, 
that the cells of the medullary rays frequently contain starch 

235 . 



Fig. Diagrammatic illnsiration that the 
medullary rays are only short bands of cells. 


236 . 


grains. This points to a storage function. They form a 
convenient near storehouse of the food required by the next 
season’s developing stems and leaves, since by their use it is 
unnecessary for the plant to convey 
such nourishment right down the 
stem to underground storage.; 
regions and then back again the 
same long distance when required. 
Fig. 236 shows starch grains con- 

a wgij tained in the cells of the medullary 

rays in a woody stem. 

Instead of microscopic ex- 
amination, the presence of starch 
may be shown by dipping the cut 
end of a branch into iodine solution. 
In a short time the rays turn a 
dusky bluish-black colour, the 
parts Of the stem bemg 
medullary ray of a Sycamore stained a yellowish brown by* the 
Stem. fluid. 



12. Oriffin of Knots in Wood,— It very frejiuently 
happens that branches are snapped off from trees by animals or 
by the wind. Often in these cases a small part of the branch 
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is left attaclied to the tree. This forms a ** knot ” by becoming 
embedded in the wood formed later by the cambium. The 
tacts that a knot ” is very easily dislodged from the wood of 
the plank in which it is found and that it is very often of a 
different colour from the surrounding wood show that it was 
produced at a different time from the other wood and that it had 
no immediate organic connection with that wood. The decay 
of the bark of the knot also aids the ready removal of the latter 
from the later formed wood. The extremely hard character of 
the wood forming a knot is explained by the pressure to which 
it has been subjectf^d by the surrounding wood, and later by 
the bark from without. 

13. Healing of Wounds on Stems. — The student 
should examine the i)runed parts of tretis month by month 
and note how a projecting circular growth from the cambium 
ring covers this essentially living part, and later creeps, as it 
w(‘re, over the outtT region of the wood, in order to close those 
vessels {i.e, the sap wood) that would otherwise “ blef^d ” and 
cause a loss of sap to the tree. If the wound be a lateral 
one, as caused by a slash of a knife, tlie outgrowth from the 
cambium often comi)letely fills the gap. This lu’ojectiug 
outgrowth becomes dark coloured and corky. 

It is worth noticing how readily young buds are produced 
from the living part immediately below this protective scar. 
This can be particularly well seen in lime trees. The bursting 
of a pollarded willow into new life is well worthy of a close 
study in this conn(;ction. 


SUMMARY. 

The Internal Structure of Stems. 

Soft green stems are made rigid by tensions in theit 
tissues. Old stems are made rigid by the great develop* 
mont of wood. 

The Conducting Tiaauee. 

Soft celled tissues conduct sugar. 

Wood conducts water and mineral substances. 

Bast conducts nitrogenous food studs. 

Main Conducting Elements. 

(a) Wood vessels (in the wood) of the vascular bundles. 

(5) Sieve tubes (in the bast) of the vascular bundles. 

Why Stems Grow Thicker. 

(a) To give greater support. 

(b) To conduct more water. 
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Arrangement of the Yasoular Tissues. 

(a) Grass-like plants : — Very many small scattered bundles. 

(b) Many green stems : — A ring of vascular bundles. 

(c) Woody stems : — A solid mass of wood surrounded by a 

thin band of bast. 

How the Increase in Thickness Takes Place. 

The cambium becomes a hollow cylinder between wood 
and bast. 

It produces many new cells on both sides. 

The inner cells are transformed into wood, the outer into 
bast. 

Annual Rings 

Are produced by difference in texture of Spring and 
Autumn wood. 

Causes of this. 

In Spring much sap and less bark pressure. In Autumn 
vice versd. 

Medullary Rays 

Are radial strands of cells remaining living and unaltered 
in the woody region. 

They are functional as storage reservoirs. 

Amount of Living Tissue in Woody Stems. 

Only the bast, cambium and medullary rays. 

The wood and bark are both dead tissues. 

Knots are dead branch bases which have become embedded 
in more recent wood. 

Healing of Wounds on Stems. 

By protective outgrowth from the cambium region. 

Such outgrowths soon develop into cork masses. 

PRACTICAL. 

1. Perform the tension experiment with a piece of elder stem 

and verify the figures quoted in the text. 

2. Examine the cut surfaces of sunflower and any other green 

stems. Draw the arrangement of the vascular bundles. 
Decide whether the plant has one or two seed leaves in its 
seed. 

g. *' Ring ** a branch of a tree (i.e. remove a ring of all soft tissues 
down as far as the wood). Examine for several days to see 
if the leaves flag. 
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4 . Treat another branch BimUarly, but out through the eap wood 

as well. Explain the results. 

5. Examine and draw the cut ends of tree trunks, name all the 

parts seen. 

6. Calculate the age oi trees by countiug their annual rings. 

7. If possible examine a freshly felled tree for sap wood and heart 

wood. 

8. Out a branch from a tree in Spring and note the " bleeding." 

9. Explain all the " graining " shown on a wooden desk or box. 

10. Observe the gradual healing of wounds on stems. 

11. See if you can trace the decayed bark round a knot. 


CHAPTER XL 




Stems Performing: Special Functions. 


1. Creeping Stems. — The normal method of plant re- 
production is by seeds, but sometiioes we find quite massive 
parts of the plant separated from the parent for this purpose — 
the detached portion being capable of producing a new plant. 

Plants frequently do this by means of runners or creeping 
stems. The latter may be either above or below the ground. 
They grow away from the parent for a relatively great distance. 

Like all stems they bear a bud at their tip, and this is able 
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*to produce a new plant by means of roots growing out from 
its base. Sucb plantlets ^oome detached from the parent by 
the gradual decay of the creeping stems which bore them. 

2. The Strawberry Plant.— (Pigs. 237-339.) This 
affords a splendid example of stems creeping along above 
the ground. Long running stems grow out from the angles 


25S. ij-wd 



between the leaves of the main j^lant. We know these are 
stems because they are green, they bear small leaves laterally, 
and they have a terminal bud of leaves. (Fig. 237.) 

This terminal bud produces a group of foliage leaves 
(Kig. 238), siimll roots emerge from the base and grow down 
into the soil, and au iudcpenaent existence begins. 



This plantlet may in turn become the parent of others by 
^runners growing out between its leaves. 

One parent strawberry plant with the large number of 
plantlets to which it has given rise is shown diagrammatically 
in Pig. 239. Strawberry affords a very evident example ol 
a creeping stem, but we also find creeping stems below ground. 

8 
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3, The Perennial SunfloiireP.->(Fig. 240.) What a. 

hard task it is to free a garden plot of this plant when once it 
has firmly taken possession! Where we have one upright 
flowering stalk one year we find about a dozen the year 
following. 

The plant thus spreads with great rapidity, and since its 
stems are so tall and leafy they cut off the light from other 
jdants in their immediate neighbourhood and choke them to 

240 . 





such an extent that they can rarely continue the struggle for 
more than a year or so. 

If we dig up a small portion of the underground stems we 
find that thick horizontal branches are traversing the soil in 
all directions. 

Many roots arise from these, but the most evident parts 
of the whole structure are the swollen tips of the branches. 
(Fig. 240.) The nutriment stored here is a soluble substance 
allied to starch in composition, and it is worthy of note that 
this stored food is laid up as near as possible to the stem and 
leaves which will require to use it for their growth in tlie 
ensuing spring. Note also the closely overlapping leaves in 
the terminal buds. 

4. Other Fleshy Creeping Underground Stems. 

(o) Iris or Flag. — ;(F iK. 241.) The sheathing nature of 
the leaves of this ]^nt is easily seen when we examine- 
them in their lower aerial parts. 
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If we examine where these leaves are attached at 
i:he tip of the underground stem we find that the base 
of each leaf almost encircles the stem. 

This enables us to read the series of parallel ridges 
which we see covering the whole surface of the stem 
below ground. These x>arallel lines are the scars of 
leaves which came above ground in previous years, 
A closer examination of any one of these scars shows 
that it is marked with dots at equal intervals. The 
-decayed bases of leaves quite near to the bud frequently 



show' whitish threads arising from these dots. We have 
here the remnants of the vascular bundles wliich passed 
upwards from the stem into the leaf and formed ii-s 
veins. , . ^ 

The swollen nutritive character of this stem is very 
well marked, as also it is in the plant we are next about 
to consider. 

(t) Solomon’s Seal.— (Fig. 242.) This is another favourite 
garden plant. It presents a very dainty appearance 
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with clusters of almost white belMike flowers hanging 
from a slender curved leafy stem. 

As in iris and perennial sunflower we have here a 
plant w'JiicJi tends to come up in larger clumps year 
by year, and one from which new plants can be easily 
transplanted by “ separation.” This underground stem 
recalls that of iris in its fleshy consistency and its series 
of parallel leaf scam. 

The leaves differ from those of iris in that they are 
scale leaves, the function of which is to protect the grow- 
ing stem tip. They should not be confused with the 



Fig. 9i9.’-~Underground Stsm of Solomon's Seal.^ib.) Terminal Buds ; {8,1 y 
Scale Leaves ; (1.8.) Leaf Soar ; (8.8.) Stem Bear ; (r.) Boots. 

C foliage leaves, which are much larger and are^ 

> on the aerial shoot. 

Notice where the aerial shoots or stems have died 
down each year, leaving a circular scar on the under- 
ground part. The stu&nt should compare these scars 
with Fig. 217 and discover the meaning of their dotted 
appearance. 

5. Tubers.— The plants hitherto considered in this chapter 
have not been greaUy iwollen out in special parts of their under- 
ground stems. These we will now examine. Such swollen 
stms are called tubers, and their stem nature is quite obvious- 
on a close inspeution. 
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(tt) teE Artioh >ke. — (Figs. 243, 244.) The potato is the 
most familiar tuber, but its structure is much more easily 
uuacrstooc^ if we examine an artichoke tuber first. We 
distinguish stems from roots in that the former bear 
leaves. The leaves on an artichoke tuber are seen to bo 
long scale-like outgrowths, frequently possessing a 
basal length of over an inch. Each leaf is tom in two 
by the development of a bud which lies between it and 
the greatly swollen stem. 

A reference to Fig. 170 is advantageous here, and the 
I)osition of the buds should be carefully noticed, 

243 . 



Fig. 243.— An Articholee Tuber.-{t.) Tuber ; (e.) “ Bye/* consisting ot it.) Loaf 
and (b.) Bud ; (r.) Boots. 

Fig. 244.— One of iU **Fve8'* magnified.— (1.) Leaf; (b.) Bud; (o.f.) Over- 
lapping Leaves of the Bud, eight or so leaves are shown. 


If we were to invert Fig. 170 we should have a. 
lirecisely similar arrangement of leaves and buds, the 
only difference (and this an unimportant one) being the 
absence of leaf stalks. A leaf and bud together con- 
stitute an eye of the tuber. The name has evidently 
been given because of the resemblance to an eyeball and 
eyebrow. 

The nourishment contained in an artichoke tuber 
enables the buds to grow out from the eyes and to 
penetrate the stiff clayey soil in which the plants are 
often so deeply planted. 
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(J) The Potato.— (Figs. 245-247.) The “eyes’* here have 
exactly the same leaf-dnd-bud structure as in the arti- 
choke, but the leaf generally is merely a sear and the 
bud is much more minute than in the latter plant. 
Their bud nature is manifest when they have grown out 
from the shrivelled tuber. 

Let us examine a potato tuber to find out what 



z^a. 

Potato (Figs, $4S-^g48)» 


JiHgs. 245^ 946.— General view of two Flante, showing the advantage of 
Earthing. 

JFig, 947.— Tuber with two Eyes. 

Fig. 948r-An Eye magnified. 

Fig. 949.— Same Tuber germinated in a dark cupboard. 

(a«) Stem ; {t.) Tuber; (r.) Boot; (Z.) Leaf ; (&.) Bud; (e.) Eye. 

particular nutritious substance the buds would abstract 
from it. A spot of iodine solution placed on the cut 
surface of a potato produces a dark blue stain. This 
indicates the presence of much starch in the swollen 
stem. The ‘ ‘ mealy ” or “ floury ** appearance of cooked 
potatoes is due to a bursting of the contained starch 
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grains. ^ Iodine will attack the starch much more 
readily in this condition.* Some of these starch grains 
are shown in situ in Fig. 250. 

Figs. 245, 246 show us why it is an advantage to hcaj) 
up the earth around potato plants. We have scon in 
previous chajjters that buds arc ]>roduced in the angles 
between the leaves and stem. The efFoct of “ earthing ” 
the potato plant will be to bury more leaf bases, and 
consequently more buds beneath the soil. 

Buds so covered tend to develoj) irito long thin undei*- 
ground stems wliich greatly resembh? I'oots externally, 
but which bear the tubers. Study Figs. 245, *246 on this 
point and note the absence of tubers on the j*oots pro])er. 



Fig. 350.— Celia from a Potato Tuher, showing starch grains %n situ. 

Another reason for earthing the plants is that the* 
tubers would turn green if they reached the light. 
(N.B. — The right hand tuber in Fig. 245.) 

The Celery jdant is also earthed up in a very similar 
way. Can you give the reason ? 

Other questions the student should seek to answf^r 
are : — 

(1) Why do potato tubers separate so easily from the 

underground stems when they are being dug up ? 

(2) In what two ways can you tell which is the “ ti^) 

of a potato tuber ? 
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Bulb Struotxtbb { Figt , S 5 i -^ 2 e ( J ), 


m.--Tulip Bulb.^if.l.) Foliage Leaves; {ts.l.) Thick White Scale 
Leaves ; Thm Brown Scale Leaves. 

Fig. 2S2.-^Tfdip Bulb in Longitudinai Section. 

Fig, SSS.-^Nareiaeue Bulb in Tranevvne Section. 

Fig. 864,—^nion Bulb in Tranaveree Section. 

Fig. SSS.-^nion Bulb in Transverse Section, showing two * 'ids. 

Fig. 266. — Na/rcissus Bulb, showing vegetative reproduction. 

Figs. 257—260.‘-~JHsssction of a Narcissus Bulb (tlie numbers refer to the 
number of J^ves found of that particular type— 27 in all). 


protective scale leaves. (Fig. 251.^ In many oases these 
are the bases of foliage leaves which have died down. 

The swollen leaves may completely encircle each 
other, being tubular in form, as in the onion (Fig. 254). 
or they may only partially do so, as in the narcissus and 
lily. (Figs. 253, 2o7-259.> 
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If a bulb be dug up whilst in the leafy stage we can 
trace all stages between the long foliage leaves within 
and the swollen scale leaves which surround them. 
(Fig. 257 et seq,) 

This suggests very strongly that the foliage leaves- 
lirst act as food>making organs above the soil and latcT 
as storage reservoirs below ground. 

The packing of the leaves in a bulb strongly recalls 
that in ordinary buds. In fact, a bulb is a bud, but 
with its leaves swollen with nourishment. 

It is surprising to find the large number of leaves 
packed away in a single bulb. The leaves shown in 
Figs. 257-260 were taken from a medium-sized narcissus, 
and were found to number twenty-seven in all. That 
the leaves of a bulb contain the nourishment is well 
shown by boiling a few slices cut from an onion bulb 
and testing for grape sugar. A large amount of sugar 
is found, which must have been stored in the leaves, 
since only parts of these were boiled. On cutting an 
onion bulb across we frequently find a more complex 
arrangement of leaves than that shown in Fig. 254. 

Smaller systems of circles of leaves are seen em- 
bedded in the main system. These are new bulbs 
(i.e. buds) that have arisen just where the leaves joined 
on to the stem, i.e, the normal position for bud develop- 
ment. (Fig. 255.) 

It is by such buds as these that new plants are 
formed, since by the decay of leaves lying outside them 
they come to lie externally. (Fig. 256.1 Separation 
then easily takes place and the sriuill bulbs commence 
an independent existence. Young bulbs usually pro- 
duce contractile roots which pull them down m the 
soil to the level of their parent. 

(6) CoRMS. — (Figs. 261-267.) Corms are frequently spoken 
of as “ Solia Bulbs.” This is not a good name, because 
the swollen leaves of a true bulb are entirely absent. It 
is best to examine a crocus corm in late autumn, since 
then the shoots arising from it will be well developed 
although still below ground. 

Such a corm is a brown spherical mass looking very 
much like a bulb at first sight. Its brown outer covering 
consists of chaffy scale leaves, w^hich can easily b« 
detached. Within these is a w'hite mass, which is found 
to be quite solid when cut through. This is the sU m 
of the plant, and therein lies the difference between a 
bidb and a corm, the leaves in the former, the stem in 
the latter, constituting the storage reservoir. 



PLAST STUDY. 


il22 


The cut surface of the stem stains very deeply with 
iodine solution, and the microscope corroborates the 
presence of starch by showing thousands of grains 
packed away in the cells. 

At the base of the swollen stem we find a ring of 



STRUf TUBB OF A Cbootjs Cobm {Figs. 261S67), 


Fig. ^l.-^The Corm in side view. 

Fig. •^6'^.‘—8ame in Longitudinal Section. 

Fig. i^63.-~Qroup of Conns sprung from one 
parent. 

Figs. :i64--S67.--ContentB of a flowering shoot. 
Fig. SGi.—Tlie outer Scale Leaves. 

Fig. S65.-~The Foliage Leaves. 

Fig. *^66.— The Flower Sheath. 

Fig. H^.-^The Flower. 


Beferences. 

(f.s.) Flowering Shoots, 
(r.) Oorm. 

(r.) Hoot. 

(o.c.) Old Corm* 

(s.I.j Scale Leaves. 

{st.) Stamens. 

(p.) Petals. 


emerging roots, and below these a dark shrivelled mass. 
The latter is all that remains of the corm of the previous 
year. (Figs. 261, 262.) It is a very frequent occur- 
rence to find whole groups of small conns lying close 
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together in the soil. They have evidently sprung from 
the same parent. 

Let us examine how this has arisen. Long narrow 
foliage leaves spring in a group from the tip of the corni. 
J ust within their bases tiny buds are produced, and these 
receive and store up in their stems the food that the 
leaves are making above ground. They thus develoij 
into a group of young corms lying at the apex of a 
shrivelled one, which has been exhausted of its nourisli- 
ment to provide for the growth of the leaves and flowers 
ihrough and above the soil. 

The flowers are ])rodiiced in the slioots very early 
(r.6. in autumn). This accounts for the csarly spring 
flowering habit of crocus plants. The whitish shoots 
found on the corm in autumn contain (Figs. 264-267) : — 

(1) Investing scale leaves of a wliite colour ; 

(2) Small leaves ready to grow up above tlie soil; 

(3) Centrally a w'hito conical sheath which fits like a 

glove finger over the flower ; 

(4) The flower. The jjetals of the latter are exceed- 

ingly small, whereas the yellow stamens and 
the fringed stigmas are particularly wcdl 
developed. 

This is the usual order of development in flowers. 
The essential organs are developed first, whilst the 
attractive organs frequently i*6main small almost until 
the opening of the flowers. 

(c) Life Cycle of a Crocus Corm. 

(1) The corm consists of a swollen stem bearing roots 

below, and a crown of leaf and flower rudiments 
above. The whole is below ground. 

(2) The leaves and flowers come above ground. 

Frequently the flowers do so first. The conn 
gradually shrivels, since it is providing these 
with materials for growth. 

(3) Small buds are produced within the bases of one 

or more leaves. 

( 4 ) The food made by the leaves above ground is 

stored in the stems of these buds. 

(5) These buds consequently develop into young 

corms. 

(6) Each bud produces a crown of leaves at its tip. 
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(d) Questions eoe the Student. 

(1) Why do we lind a varying number ol conns lying 

close together in the soil ? 

(2) Has the number so found any influence on the 

size ? If so, why ? and what ? 

(3) How is it that sometimes a corm does not flower 

in a particular year:* 

(4) Account for the early roots of young crocus 

conus being contractile. 

(5) Account for the origin of the brown scale leaves 

(which have been purposely omitted from the 
above synopsis). 


SUMMAHY. 

SPBCIAL FORM OF STEMS. 

a. Creeping Stems s 

in the reproduction of plants. 

They bear leaves and buds. 

Stbawberry : long narrow runners above ground, 

Perennial Sunflower : slightly swollen ends, j 

Solomoh’sSbal: } Swollen throughout. (ground. 

2. Tubers : Special swollen spherical parts of underground stems. 

Artichoke : 1 Both bear “ eyes.'* 

Potato : j An eye consists of a leaf and a bud. 

Potatoes are earthed up to increase the number of tubers. 

3. Bulbs : A bulb is a short stem covered with fleshy leaves. The 

leaves themselves contain the nourishment. New 
bulbs arise as buds within the old one. 

4. Corms : A oorm or ** solid bulb ” consists of a swollen under- 

^ound stem covered with thin scale leaves, and bear- 
ing a bud of foliage leaves on one part. 

Character of the Nourishment stored up. 

Sugar frequently in the leaves of bulbs. 

Starch in the potato tuber and the crocus oorm. 

Another soluble carbohydrate (inulin) in artichoke tubers 
end in underground stems of perennial sunflower. 
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PRACTICAL. 

1, Count the number of plants produce 1 from a single strawberry 

plant, 

2. Sketch a series of Strawberry plantlets showing the develop- 

ment of : (1) leaves ; (2) roots. 

3. Ascertain the number of mature branches in an Iris under- 

ground stem without digging it up. 

4, Dig up and sketch the underground stem of tho Bracken or 

Forest Fern, 

Remove the woolly hairs from its leaf rudiments and sketch 
their coiled-up arrangement. 

.5. Take any ordinary fern and find out of what the “root" really 
consists. 

6. Test a potato tuber for starch. 

7 . Weigh a potato tuber. Leave it in a dark cupboard until it has 

sprouted. Weigh again. Explain your results. 

8. Dissect a bulb. Find how many contained loaves there are. 

9. Find out whether a hyacinth bulb contains flowers at the time 

it is bought from tho seedsman. 

10. Grow bulbs, etc., in water glasses, and sketch their appearance 

week by week. 

11. Find out how far the Colchicum oorm differs from that of a 

Crocus. 

.12, Experiment with ; (1) a bulb; (2) a oorm, to find the extent of 
reproduction during three consecutive seasons* 


CHAPTEE XIL 


Thu Irritability of Stems. 

STEMS AS SENSITIVE ORGANS. 

1. The Effect of Light.— Plant roots were found to be 
but slightly sensitive to the stimulus of light ; in stems on the 
contrary, we have organs responding to its influence in a 
marked degree. 


S 268. 



Sftv) »«Nt3W* ><15^ »i Nighr ** Pajj ..NighP 

Fiff. S68,— Curve to slmv relative growth by night and day, 

(a) The Effect on the Rate of Growth.— If the elongating 
stem of any seedling be carefully measured at stated 
intervals for a fortnight, and the results plotted on 
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squared paper, we uniformly find that the curve is 
steeper during the night times. (Fig. 268.) 

Such a result shows us that the hourly rate of 
growth is greater when the stem is not illuminated, 

(6) The Effect on the Total Length of Stems.— -Sunflower 
seeds are planted in two sets. Both sots are kept under 
the same conditions of moisture and temperature, in 
order that the rate of germination shall be uniform in 
so far as it is affected by those two stimuli. 

One box is placed under a dark cover — a large box 
serves very well — the other is left exposed to light in 
the ordinary way. 

The seedlings are left for thi*ee wet^ks and then those 
grown under cover are brought into the light for com- 
parison with the niuniinated ones. 

Very pronounced differences are shown by the two 
sets of j»lantlots. (Fig. 

269.) 

Those grown in the 
light have sturdy 
“ stems,” and green 
seed-leaves in an ex- 
panded position. The 
other set of plants have 
Ijroduced vf^ry long 
“ stems,” but tliese ai'e 
•so slender and weak 
that the jdants droop 
over the sides of the Seedlings grown (A) in lighU 

flowcr-j)Ot. Tliey are (B) in darkness, 

of a sickly yellow colour 

instead of a healthy green, and their i)ale seesd-leaves 
are closely opposed to each other. 

We learn from this experimcint that darkness pro- 
motes the growth of stems in length, whilst light has a 
retarding action. The student can obtain the saint! 
results by allowing potato tubers to “sprout” in a 
cupboard and in the light. 

He should also examine the vegetation of shady 
hedgerows for further corroboration of the fact that 
darkness or dim light promotes the stem’s growth in 
length. 

(c) Biological Significance of this Effect— I f we bear 
in mind the two fficts : — 

(1) That seeds germinate normally in darkness (i,c. 
underground), 
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(2) That they contain only a limited amount of 
nutritive food material, 

we can easily see how this rapidity of stem elongation 
in darkness is a distinct benefit to the plants for by it 



Fiflr* STO.-^Bean Seedling groton under equal illwminaUon^ 

Fig. 971.’^Bell jar blackened except for the rectangular window. 
Fig. 272.'^Flam.t groton under the hell jar. 

Fig. fl73.-'Th6 stem tip ie eenaitive. 
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the stems can grow a greater distance through the soil 
and so reach the light sooner than they otherwise would. 

It should be carefully remembered that plants cannot 
make any food for themselves until their leaves are 
expanded to the Hght. It is therefore of the utmost 
importance to a plant starting life that it should reach 
a self-supporting position before the food supplies con- 
tained in the seed give out. 

(d) Directive Action of Light on the Stem Growth. 
The influence of light not only shows itself on stems by 
causing them to rapidly increase in length, but the 
stems themselves are found to be bent towards the light. 
Light thus acts as a directive stimulus. This is very well 
shown by the following experiment on bean seedlings : — 

One set of beans was planted in a flower-pot, and 
when the plants came up above ground the pot was 
placed before a window and turned a little each day so 
that the plants received an equal illumination on all 
sides. Fig. 270 shows the result: the stems were quite 
upright and the leaves were well expanded in nn almost 
horizontal plane. 

Another pot of seedlings planted at the same time 
was placed under a bell jar, which had been blacktuied 
all over except one small square “ window,” (Fig. 271.) 
On removing the bell jar after a fortnight or so the 
plantlets possessed stems curving over towards the 
“window,” and leaves eximnded in a almost 

parallel to it. (Fig. 272.) 



IHga, V4^8T6.—Fiu)h9ia Plcmta grownimder equal and lateral UVuminatUme 
9 


(e) Which Constituents op White Light have a 
Directive Action?— W e tuow that white light 
really coDBists of light of different colours, because it 
can be split up into its constituents by passing it 
through a glass prism; the different coloured lights 
being separated from one another by being bent to 
different degrees in their passage through the glass. 

A rainbow-coloured band is thus produced, having red 
lying at one end and violet at the other. 

If the experiment of Fig. 271 be repeated, but with 
a piece of reddish yellow glass placed over the window, 
it is found that the stems bend over towards the light 
very slightly indeed. 

Such a reddish glass plate prevents the passage of 
blue light into the chamber. Evidently by this experi- 
ment we deprived the light of its chief directive 
constituents. 

On the other hand, we should have found a very 
strong curvature of the stems towards the “ window 
if it had been covered with a blue glass instead of a red 
one. The bluish constituents of white light exercise, 
therefore, the greatest directive influence on the growth 
of fitems. 

Influence of Light on Cheeping Stems.— We have 
found that upright stems tend to place themselves so 
that they lie parallel to the light’s direction. We 
cannot find any trace of this in the runner of a straw- 
berry plant. It lies flat upon the ground, apparently 
unaffected by the light stimulus. The light dm exert 
a directive influence here, but it is of another kind — ;-it 
causes the stem to lie in a direction at right angles to 
that of the rays of light. We cannot explain how 
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t ifl that such opposite effects are produced by the light 
on stems. All we know is, that they actually do occur ; 
we know nothing as to the mechanism or details of the 
process. 

Will the different directive actions ot light on 
creeping stems aid them in obtaining an adequate 
illumination for their leaves f 

2« The Effect of Gravity. 

(o) Ok Maik Stems. — In germinating bean seeds the 
first root always proceeds directly downwards, even 
though it has to turn through 180® to do so. This has 
been proved to be due to gravity’s stimulus. The first 
stem always grows upwards against gravity. This 
cannot be due to the attractive action of light, for light 
is absent in the soil where the first stages of stem 
growth occur. 

If beans, from which buds have emerged, are rotated 
on a vertically revolving disc they grow out from it in 
a straight line, but in an opposite direction to the roots. 

This proves that gravity exerts a directive influence 
on the first stem, and that this influence is a repellent 
one. It seems as though the stem tips “strive” to 
get as far as possible from the centre of the earth. 
Here, again, we are entirely in ignorance as to details 
of the mode of action of the stimulus which evokes this 
response, but the biological significance of this response 
is perfectly obvious. 

{h) On Lateral and Creeping Stems. — The influence of 
gravity on side and creeping stems may be left out of 
the question. 

The influence, if any, is very slight indeed, for we 
find lateral branches growing vertically upwards, or in 
oblique uj>ward or downward directions, just as the 
great directive stimulus (light) has dictated. Again, 
stems creeping along the groimd show no tendency 
either to rise into the air or to burrow into the ground 
under the repellent or attractive stimulus of gravity. 

3. Influence of Oontaot.-~In climbing plants, the re- 
sponse given by stems to this stimulus is a very important one 
indeed. We all know that a tendril seems to * ‘ seek ” a supx)ort 
and twine its^ round it. It is this behaviour which we must 
now examine in some detail. 

(o) The Nutation of Stem Tips.— W hen we think of an 
erect stem growing into the air, we have the conception 
^at its end bud grows directly onwards in a straight 



The region of special growth gradually travels round 
the stem, consequently the tip of the stem describes a 
circle. 

Fig. 279 is a ])lan or transverse section of the grow- 
ing region to show how growth at a tij)s over the end 
of the stem to a\ growth at h to h\ at c to c\ etc. ; so 
that by the time the region a again becomes a specially 
active growing zone, the tip has described a complete 
circle. 

All the preceding part of this section has had refer- 
ence to stems grow'ing freely in the air, without any 
external contact. We will now apply these principles 
to a climbing stem. 

( h ) The Pkoi^ounced Nutation of Twining Stem Tips.— 
Twining plant stems have very long growing tips, and 
the region of active growth referred to above, lies at a 
greater distance from the extreme tip than in other plants. 

The direct result of this is, that the stem tip describes 
a much larger circle than it otherwise w'oiild have done. 

A very successful experiment to show the consider- 
able, yet rapid, nutation of the tips of a twining plant is 
that shown in Figs. 280-282. 

A circle of about eight inches diameter, and with 
some twenty equidistant radii, was drawn on a piece of 
cardboard. (Fig. 280.) This was slit so that it could be 
fitted horizont^y, as in Fig. 282, with the st(^m of a runner 
bean plant growing through the centre of the circle. 

The observer looked firectly down on the tip of the 
plant, and drew its plan on the cardboard beneath. 



^ 6 , 

Fig, $76. — Showing the horixontaX circle described by the tip of a twining 
stem. 

Figs. $77 1 $78,^'How the tip of such a stem is bent over {towards b) b/y 
more rapid growth in the region (a). 

Fig. $79.— Plan showing how the circle is described by the Up . — Special 
growth at (a b c d) causing the tip to lie at {a* b‘ o' dt') respectively. 

Fig. $80.— Cardboard prepared for use in experiment shown in Fig. $82. 

Fig. $81.— Result of experiment. The dots mark the plans of the tip at 
the times stated against them. Th^ tip thus described a complete cirole 
in d) hoars. 

Figs. ^3— $86.— Four stages in the clasping of a support (s.) by a twining 
stem (st.) (For explanation see text.) 
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This was done at intervals during 3} hours. The results 
shown in Fig. 281 are surprising. The tip of the plant 
described a complete circle in the time mentioned. We 
see from this how a twining stem may seek and come 
into contact with a support. The student is strongly 
advised to perform this experiment for himself with a 
young hop or bind- weed plant. 

(c) How A Twining Stem Clasps its Suppokt.— T his 
must not be confused with the nutation of untouched 
stem tips, for although the curling round the support is 
brought about by a similar process of imequal growth, 
it is the direct response to a contact stimulus. 

Let us examine the process more closely. 

It hajjpens that the twining stem (Fig. 283 ST.) 
touches the support (s) during its circular nutation. 
The contact of 8Uj)port with stem at (a) influences 
those cells (a) of the latter, which are directly abutting 
on it in such a way that they transmit a stimulus to 
the cells (b) lying on the opposite side of the stem. 

As a result of the stimulus, these cells {h) grow more 
rajndly, A wedge-shaped mass of cells is thus produced 
at (h) (Fig. 284), so that fresh cells (c) are brought into 
contact with the support. These then transmit a 
stimulus to the cells at (cQ, so that increase in growth 
occurs in these (Fig, 285), and fresh cells (c) are 
brought into contact and so on. 

The total effect is that the stem twines round and 
round the support. 

The student should notice particularly that Figs. 2S3- 
28G are plans or views from above. 

At the same time as this process is going on, the 
stem is growing upwards towards the light. The com- 
bined results of these circular and upward growths is 
the spiral growth of the plant around the support. 

Notice in Fig. 1 how the bean stems have twined 
about each other. They have served as mutual stimuli. 

It is only fair to add that the above account of the 
twining mechanism is but one of several theories 
which have been adduced to account for the 
phenomenon. 

|d) Stem Tendrils. — We should not call a twining bean 
stem a tendril, because it bears leaves : the latter name is 
reserved for long thread-like climbing organs which are 
sensitive to contact. Frequently, however, whole stems 
are changed into these exceedingly sensitive organs. 

In passion flower and bryony we And these long 
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thread-like tendrils growing out from the angles 
between the leaves and stem; hence we are certain 
that they are stems. 

The behaviour of a tendril is one of the most 
interesting tilings to investigate. We note at the 
commencement tliat a plant often takes a “mean” 
advantage over its more stiu*3/ neighbomrs by possessing 
tendrils, for by their aid it is able to raise its stem, and 
consequently its leaves to a height and an illumination 
only attained by its fellows after the expenditure of 
much food material in the construction o' a rigid stem. 

Very good examples of this are seen in the way 
bryony, hop and other climbers make their way from 
the ground to the top of a hedge. The following is a 
synopsis of the work a tendril has to iierform : — 

ri) It has to find a support. 

(2) It has to grasp this support. 

(3) It has to drag the plant upwards. 

(4) It has to be firm enough to withstand being 

dislodged. 

(5) It has to bo elastic and have no tendency to snap, 
(c) Bkiiaviour of a Tendiiil.— The tendril finds the 



IHg. S87.—The Tendril ** finding ” the support by nutatton^ 
Fig. 288.— The support found. 

Fig. 289.— The support clasped. 

Fig. 290.— The FUint draum up slightly. 


Mucli Las been uTitten at various tiiucs cxplainiug 
this reversed spiral as a beautiful contrivance for 
preventing the strain of twisting from breaking the 
tendril. 

lu all probability it is no sucL special contrivance. 
Both ends of the tendrils are fixed, one to the support, 
the other to the climbing plant, and whi'ii one i>art of 
the tendril is coiled, the other must necessarily coil in 
the opposite direction. The reader should prove the 
truth of this by fastening a piece of wire at both ends 
and then coiling it to imitate a tendrirs action. So far 
we have traced the timdril to a thread-like structure 
closely investing a support spirally, and also coiled in 
its remaining portion. This latter part is green and 
soft; it consequently acquires the necessary strength 
by doming woody and elastic. It is then a perfect 
organ of attachment, having drawn the plant up a 
little and attached it firmly to the support, whilst its 
free region now possesses an elasticity like a watch 
spring and is able to open out its cods a little when 
the wind tends to blow the plant down. 

(/) Leaf Tendbils — In many plants, parts of the leaves 
or oven entire leaves are modified into tendrils. All that 
has been said above on the behaviour of tendrils applies 
to these also. 

In the clematis (Fig. 291) the leaf stalks are the 
•ensitive regions. In the garden pea and sweet pea 
(Figs. 292, 293) small leaflets are changed into tendrils. 
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Here both plants gain and lose by this leaf modification : 
they gain because they have acquired climbing organs, 
they lose because their food-making area is lessened. 



Tendrils {Figs. S91~-’293). 

Fig, Leaf Stalk Tendrils of Clematis. 

Fig. '49:i.~Ijeaflet Tendrils of the Garden Pea. N.B.—Tlie large “ leaflets " 
at the base of the leaf stalk. 

Fig. :J93. —Leaflet Tendrils of Sweet Pea. N.B.— The leafy nature of the 
Leaf Stalk {l.s.) and the Stem (s.). 


Study the illustrations of both plants to find how 
they have compensated for their loss in food-making 


SUMMARY. 

THB STEM AS A SENSITIVE ORGAN. 

1 Jaight: 

(i.) Retards stem growth in length. The rapid growth in 
darkness aids a stem in coming up quickly through the 
ground. 

(ii.) Causes stem tips to grow towards it. Blue constituents 
of the light exercise this directive action. 
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(Ul) Causes creeping stems to arrange themselves at right 
angles to its rays. 

(iv.) Causes leaves to beoome green and arrange themselves 
at right angles to its rays. 

2. Qravity only acts on main stems. Its action is repellent. 

Nutation : The description of a circle by a stem tip as 
a result of unequal growth just below. 

3. Contact: 

Twining stems and tendrils are specially sensitive to contact. 
Contact causes unequal growth and a consequent clasping of 
the support. 

Tendrils may be either stems, leaf stalks, or leaves. 

4. Action of a Tendril: 

(i.) “ Finds ” and clasps the support. 

(ii.) Becomes coiled in its free region and so drags the plant 
upwards a short distance. 

(iii.) Becomes woody and elastic. 

PEAOTIOA.L. 

1. Germinate different kinds of seeds in light and darkness. 

Measure the heights of the plants, weigh them carefully. 
Explain your results. 

2. Plot the curve given in Fig. 26S for seedling stems of throe 

different plants. 

3. Find how long it takes sunflower seedling stexos to turn towards 

the light. 

4. Determine the exact position occupied by a detached branch 

with respect to the light. 

5. Germinate seeds (i.) in the light, (ii.) in the dark, (iii.) supplied 

with blue light, (iv.) supplied with reddish yellow light. 
Sketch and explain your results. 

6. Plant Maize, Peas and Acorns in various positions and prove 

that the first stem always grows upwards. 

7. Perform the experiment on Nutation. (Figs. 280-232.) 

8. Obtain plants with tendrils. Classify the latter into stem and 

leaf structures. 

9. Draw a twining stem at intervals of a half-hour so that your 

series of drawings exhibits nutation and clasping. 

10. On a 0 £dm day, stroke the concave side of a Passion Flower 
tendril and carefully note the results. 



OHAPTBR XIII. 

The Structure of the Leaf. 

1. Main Functions of Leaves. — In dc^aling with steins 
and roots the structure was understood only by reference to 
the work that the particular parts were performing. It is 
precisely the same with leaves ; but since the work of leaves is 
so important that it requires a full treatment in a later 
chapter, we will content ourselves here by a mere enumeration 
of the work done by leaves. The following statements will bo 
fully proved later, but they are necessary at this stage in order 
that the reader may appreciate the leaf’s appearance, structure 
and behaviour. 

Thb Gbben Leaf: — 

(a) Makes food when it is supplied with air, light and 

water ; 

(b) Gives oflF water vapour because it is Bui»plied with this 

to excess ; 

(c) Breathes. 

2. Arran ^ement of Leaves on Stems. — The guiding 
principle here is the necessity of light to enable each leaf to 
construct food. If all the leaves were crowded together on the 
stem at the same level, each would interfere with the other’s 
illumination and so lessen the amount of food made. The 
vast majority of plant steins bear only one leaf at a level. If 
two leaves are oome at the same level they are on opposite 
sides of the stem and so do not interfere in the slightest degree 
with oaoh other. If many leaves are borne at a level they are 
of such F shape that there is little or no overcrowding. 
(Pig. 294.) The common straggling “ cleavers ” plant found 
growing in hedgerows is a good example of this, so also is the 
■oak, whose leaves are borne practically at the same level. 
(Kg. 295.) 
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In the large number of plants where merely one leaf is 
produced at the same level, we never find that this leaf lies 
immediately over the next leaf below. In fact the plant pro- 
duces its loaves in such a way that it is almost impossible for 
them to shade the under lymg leaves to any great extent. 
This is brought about in two ways: — 

(a) There is nearly always a considerable length of stem 
between one leaf and the next. 

{h) The leaf bases will be found to lie on a spiral lino 
wliich travels round and up the stem. ( Fig. 206.) 

Thus there are several leaves produced before another le:if 
is formed exactly over one below. The student should 
examine actual specimens. 

This latter principle will be found to apply also in cases 
where the leaves are borne in pairs. Dead nettle and sycamoni 
show the phenomenon splendidly. (Figs. 297 and 299.) Om* 
pair of leaves is always i)lact;d at right angles to the i)air of 
leaves lying above and below it. The leaves lie thus in four 
vertical rows, but there is little danger of overlapping because 
of the length of stem wiiich lies between any two loav^es lying 
vertically over each other. In plants like cleavers, where 
many leaves are borne exactly at the same level, wcj find that 
they are small and also are a good distance from the next s(‘t 
of leaves. (Fig. 294.) 

In oak, where the leaves arc much larger, they do not 
overlap any underlying leaves, because the leaves are only 
produced at the tips of the branches. As a matter of fact tlie 
leaves only occupy the surface of the hemisphere shovui 
diagrammatically in our W'ork on the stem and its branches 
(page 80). 

Although the positions of leaves on stems are naturally 
those where a minimum of over-shading is i^roduced, the stems 
frequently twist during their growth in order to bring any 
particular leaf into a better illuminated position. 


3. Th« External Appearance of a Typical Leaf. 

(a) The Stalk. — A normal leaf is supplied with a stalk 
which holds it well out to the light. This stalk fre- 
quently remains quite short if the leaf surface is well 
uluminated ; if, however, there be much shade the stalk 
elongates sufficiently to bring the leaf to more light. 
The leaf stalk also possesses the pow^er of twisting 
during its growth in order to further the same object, 
(Fig. 300.) 

The rigidity of the stalk serves to enable it to hold 
out the weight of leaf. Mathematical students should 




Leaf Mosaics [Figt* 89i—300)» 

Fig. 29i.—Cl6aver8. ) Note how the shape of the leaf aids in the 
Fig. 89&.-^Oak. j formation of the Mosaic. 

Fig. 996.— ‘Arrangement of Leaves in a spiral line up the Stem, the Learei 
a and 5 are on the other side of the Stem. 

Fig. 997,— Dead Nettle as seen from above. 

Pig. 298.—Vifrginiam. Creeper. 

Fig. 999.Sycamore. 

Fig. 300.— Maple. 
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ziotioe here the effect of the moment, or bending power 
of the mass of the leaf upon the leaf stalk. The de- 
velopment of woody tissues will tend to resist this 
bending and increase the rigidity of leaf stalk. The 
great amount of wood in the stalk is also closely bound 
iip with the conducting function of the latter. It has 
to convey raw food materials from stem, to leaf. It 
also carries manufactured food in the opposite direction. 
Many leaf stalks have a channelled or concave upper 
surface. This is of use in allowing rain water, which 
would otherwise bend down the leaf from its proper 
}.)08ition, to escape easily from the leaf surface. 

(b) The Thin Leaf Tissue.— W ithout light the leaf cannot 

perform its chief work. The more light falling on the 
leaf, ceteris jparibusy the greater amount of food will it 
make. The plant has a certain amount of material to 
expend in producing leaves and the problem for it to 
“ solve ” is how to expend this material so as to derive 
the greatest benefit therefrom. Clearly the only way is 
to form organs of the thinnest texture compatible with 
the necessary strength to withstand rupture by the wind. 
The plant does this. 

(c) The Veins. — But how flabby and collapsed this thin plate 

of tissue would be, unless it were held out by the system 
of veins, which raiiiifies so intimately through every part 
of the structure ! It woiild be like an umbrella without 
the framework of ribs. The best way to appreciate the 
thoroughness of this support is to examine a skeletonised 
leaf. One of these can be picked up in Spring, especially 
by river sides, or may be prepar^ by soaking the leaf 
and then softly brushing it. Nothing remains but the 
veins, and these ramify in every direction so that you 
can scarcely put a pin through the “ skeleton” without 
touching one of them. This network of veins performs 
two functions : — 

(i.) It flrst forms a network sufficiently strong to hold 
out the softer thin tissue, yet sufficiently flexible 
and elastic to bend before the wind and then 
return to its original shape. 

(ii*) Secondly, it conveys raw materials to the thin 
leaf tissue and elaborated food from it. 

(d) PuRTHEK Contrivances Helping to Present the 
Leaves to the Light.— The leaf blades themselves 
ha-^e the power of tiidsting towards the light. This can 
be seen very well in the yew and other coniferous trees. 
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Many biologists think that the various shapes of leaves 
are for the purpose of enabling, them to fit into one 
another, so as to form what is called a ** mosaic.'* 
Certainly the “mosaics" formed by ivy leaves when 
the plants are lying low on the ground would seem to 
suggest that the angular shape of the leaf helps it to fit in 
between its neighbours. The shapes of the horse chest- 
nut leafiets clearly fit them for this. One cannot, however, 
explain all leaf shapes in this way, for most probably the 
shape of the leaf is largely determined by the size and 
shape of the bud, the number of leaves packed away in it, 
and the methods of their folding. 

A very good point for the student to work out is 
the relation that exists between the channelled surface 
of the leaf stalk and the degree to which the leaf tip 
is pointed. Do these occur in an equally pronounced 
degree on the same leaf? If so, why? If not, why 
not ? 

Also, is there any relation existing between the text- 
ure and thickness of a leaf on the one hand, and the 
appearances of its leaf stalk and leaf up on the other ? 
Do the veins project on both sides of a leaf P 

With a little observation and thought the student will 
be able to account for what he sees. 

(e) Leaf Mosaics.— Figs. 294-300 give a good idea as to how 
leaves are arranged to utilise all the light that falls on 
those areas. The reader can find many other examples 
for himself during any half-hour spent in country or 
in garden. Our illustrations afford excellent examples 
of leaf mosaics and show how the leaves utilise the sun- 
light to the fullest extent. The most instructive way 
of treating any “ mosaic " is to make a list of all the 
contrivances by which the leaves have been placed in 
position. The more or less complete shade under a tree 
shows us how well the plant in general has performed 
this vitally important work. 

One word of caution is necessary in conclusion. One 
must not expect to find leaves fitting perfectly into one 
another, with not a single leaf in a shaded position. 
The examples given in the illustrations to this section 
are absolutely true to nature, but they were purposely 
chosen as being very good examples. Bemember that 
a leaf is able to utilise the comparativelv dim light which 
lias filtered through the leaves from above, if it were 
not so we should not find grass and small plants growing 
under the shade of trees. 



24i 


PLANT BJVDY, 


4, The Internal Structure of Leavea^—Thia section 
deals exclusively with the leafs structure as seen by the 
aid of the microscope. 

(a) The Surface Skins of the Leaf. --B oth upper and 
lower surfaces of a leaf are covered with a delicate skin 
of cells. These surface skins can he very easily peeled 
off from thick leaves which have been allowed to soak in 
water for some time, and are found on examination to be 
thin white translucent films. Microscojfic examination 
of these skins shows that they consist of a “pavement ” 
of cells closely fitted together to form a continuous sheet. 

In long narrow leaves such as those of iris the cells are 
rather long and quadrangular in shape (Fig. 303), but in 
broader leaves the cells appear very irregular in shape, 
their wavy outlines fitting closely to one another just 
like the familiar puzzle bricks of our childhood’s days. 
(Figs. 301-304.) 

The lower skin presents an additional feature : pairs 
of small cells very unlike the others in appearance are 
thickly dotted over the whole of the view. These pairs 
of cells are the stomates or stomata of the plant. Each 
stomate (or stoma) has a small pore between its two 
cells, and by the greater or less curvature of these guard 
cells the pore is opened or closed. (Figs. 305, 306.) 
The stomata are very sensitive to the stimulus of light. 

In the light the two guard cells become greatly swollen 
with sap and bulge apart from each other, thus leaving 
a small hole between them. In waning light or complete 
darkness they lose much of their sap, becoming flabby 
and lying close to each other so that the hole is ob- 
liteiated. Each hole leads into one of the air chambers of 
the leaf, and since there are from 4,000 to 90,000 of these 
stomata on each square inch of a leaf’s lower surface we 
see how a very free passage is afforded to gases either 
entering or leaving the leaf. To get a complete con- 
ception of the structure of the epidermis or surface skins 
of a leaf, it is necessary to view them as they are seen in 
a transverse section of a leaf. (Fig. 307.) Here they form 
two perfectly regular bounding layers of cells of rather 
shallow depth. Thus an epidermal ceU seen in wavy 
outline in Mg. 301 has an actual shape similar to that 
given in Fig. 304, This transverse section also s^ows 
the absence of stomata in the upper epidermis. We 
discern them in the lower skin quite distinctly and can 
see how they have the external air on their outer side 
and the internal air spaces of the leaf lying within. 
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Nearly all leaves show that the outermost wall of the 
-epidenuia is thicker thau the side or inner walls. IteaUy , 
this outermost wall is corky in composition, and forms a 
delicate but efficient waterproof skin over the whole 
leaf surface. When rain falls on a leaf we know that it 



Fig* 301.— Upper Epidermis of a Holly Leaf. 

Fig. 303.— Lower Epidermis of the same . — (Note the open Stomata ) 
Fig. 303. — Epidermis of Iris with ver^f regular epidermal cells. 

Fig. 30A.~One epidermal cell from a Holly Leaf. 

Fig. 305. — An open Stoma, 

Fig, 306.— A closed Stoma, 

does not soak through into the loaf tissues, but runs 
quickly off vi^ the channelled leaf stalk or the pointed 
“ drip*’ tip of the leaf blade. We see from the above 
how it is prevented from soaking through. 

to 
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A very natural question arise in the reader’s 
mind here : “ Why shoiild not the plant utilise this rain 
water which has fallen on it, as well as the water it has 
hhoriously collected hy its roots and conducted upwards 
through its stem F The answer lies in the fact that such 

absorbed rain water would fill the leaf’s air spaces and 
interfere with the gaseous exchanges going on in them. 
(See next chai)ter.) Also it would not contain inmeral 
substances as does the water absorbed by the root, 

(l>) The Soft Oreen Cells of the Leaf.— These fill the 
space between the upper and lower epidermis. (Fig, 307.) 
They are arranged in two distinct ways. Those lying 
immediately below the upper skin are placed on end as it 
were and stand closely side by side like the railings in a 
fence. From this resemblance they gain their name 
palisade cells. Those internal cells lying nearer the lower 
surface are arranged in a very loose irregular fashion. 
From this arrangement they are called spowjy cells. 
The reason for their apjmrently haphazard arrangement 
is that there shall be as large air spaces as possible in the 
loaf. The student will remember that we commenced 
this chapter with the statement that air was necessary 
for food production, 

A very obvious constituent of all these cells, whether 
palisade or spongy, is the numerous green oval oi* 
spherical bodies which are dotted about within them. 
These green bodies (or chlorojdastids) are intrinsically 
the most important part of the whole plant. Without 
them the plant would be unable to manufacture any 
sugary or starchy food. Their colouring matter is dm* 
to tiny solid granules of green pigment called chlorophyll. 

It is most necessary to emphasise the fact that these 
chloroplasts are parts of the protoplasm or living material 
found in the cells. It will be greatly advantageous for 
the student to have a clear idea of the structure of onti 
of these internal leaf cells, since by grasping this now 
much needless repetition will be saved in the two or 
three chapters following. (Fig. 308.) The parts shown 
by such a cell when cut lengthways are : — 

(1) A delicate colourless cell wall made of cellulose and 

through which water can easily diffuse. (Fig. 308 
c.to.) This abuts at some point on an air space 
lying without (a, sp), 

(2) A transparent film of protoplasm (pr) lying im- 

mediately within the cell wall. Certain parts of 
the protoplasm contain the chlorophyll and 
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constitute the chloroi>lastids (cpds,). These are 
einhcdded in the ordinary transparent protO' 
plasm. Another important part of the proto- 
I)lasni, although we are neglecting it here, is the 
sx)herical, colourless, granular nucleus (mt.). A 
nucleus is found in every living cell. Its sx^ecial 
work is to harmonise, regulate, and co-ordinate 
tJiu work done by the rest of the living material of 
the cell. 

(3) A larg(^ central cavity (s, c) filled with sap. This 
liquid is as important to the living plant cedi as 
th(j blood is to our own body. In fact it largely 
subserves the same functions ; it contains oxygen 
and food for both breathing and constructi\ e 
purx) 0 se 8 , it receives the waste nnitters produced, 
and the living material requires to be completely 
saturated by it in order to live. With plants it 
also serves additional functions as will be seen in 
the next chapter. 

(c) Sensitive Nature of the Living Material in 
THESE Cells. — If wo contrast the colours of two 
leaves on the same tree, we notice that a leaf standing 
in a strongly illuniinatcd position is slightly paler than 
one in deex) shade. The reason is that a strong light 
injures the green chloroi)hyll contained in the chloro- 
Xdastids, and, in order to prevent this, the living 
material moves the chloroxdastids to the sides of the 
palisade cells, so that they may shade one another. 
(Fig. 309.) In a shaded leaf they are aggregated at the 
end of the cells, crowded there to absorb as much light 
as possible, thus giving a fuller green tint to the leaf. 
(Fig. 310.) This example of movement of vegetable 
protoplasm is no isolated case. Animal and vegetable 
X>rotox)lasm may be considered as practically identical 
and exhibiting equal powers. We are familiar with the 
gross movements of animals. All these movements are 
brought about by the vitality of their protoxdasm ; 
this latter is free to move considerably, for there are no 
investing walls to tlie cells. In the vast majority of plants, 
however, each cell or of living material makes a 

XU’otecting cell wall around itself. 

Comx)are the rigidity of plant tissues in general, with 
tno soft yielding nature of those in the animal world. 
The difference is due to the presence or absence of invest- 
ing cell walls. 

Since a plant has its living material boxed up, as it 
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were, within thousands of compartments, it cannot 
exhibit those movements which wo naturally associate 
with animal creatures. Nevertheless the movement can 
and does go on within the cell walls ; for movement, 
like irritability, is a fundamental property of protoplasm. 

The American water wcc‘d, Elodea (foiuid attached 
to the mud in all our ponds), shows this movement 
extremely well in its filmy leaves. The protoplasm is 
moving round and round inside the colls and an endless 
]>rocession of chloroplastids is carried along with it. 
(Fig. 311.) 

(d) The Veins of the Leaf. — These present a very 
difFor(‘nt appcjarance according n,s they are cut trans- 
versely or longitudinally. (Fig. 307.) When cub across 
we see wood vessels (with woody fibres) in the upper 
half, and softer bast tubes and cells in the lower half. 
This is not shown w(dl in the crossways view because 
all the structures are roundish when so cut. In 
longitudinal view wo see the true character of the 
fibres, vessels, and sieve tubes, for their lengths are then 
very evident. 

In our previous w'ork in connection with wood 
structure the wood vessels have been spoken of as if 
they were the sole conducting elements. ^ Very fre- 
quently, however, and particularly in loaf veins, wo find 
much shorter woody cells (tracheides) functioning 
as water conductors. (Fig, 307 vl.) How does it come 
about that the woody region is always the upper half 
of a loaf vein or vascular bundle ? Does the leaf gain any 
structural advantage from this arrangement ? 

SUMMARY. 

THE STRUCTURE OF LEAVES. 

Leaf Mo8aica.-^The following aro the main devices aiding 
their formation: — 

1. The number of leaves borne at the same level. 

2. The length of stem between one leaf (or set of leaves) and 

the next. 

3. The general spiral arrangement of the leaves on the stem. 

4. The twisting of the stem. 

5. The presence of leaf stalks. 

6. The varying lengths of the leaf stalks. 
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7. The twisting of the leaf stalks during their growth. 

8. The relative sizes of the leaf blades. 

9. Their shapes. 

10. Their twisting during growth. 

flxternal Appearance of Typical Leaf.— The following 
points should be remembered : — 

Leap Stalk. — Its woody nature — its channelled upper 
surface. 

Leap Blade. — The economical expenditure of the material 
U'-sed in leaf formation. 

Correlation throughout with the necessity of 
illumination. 

'Veins. — Skeletonised leaves — their preparation. 

The two reasons for ramifying system of veins : — 

{a} Support and elasticity ; 

(6) Conduction to and from all parts. 

Internal Structure of Leaves. 

The Suuface Skins: — 

Upper epidermis : Flat plate-like cells only. 

Under epidermis : Stomata in addition. 

The stomata open in light and close in darkness. 

Both skins are waterproof, 

1 ijurious action of rain if it should enter the leaf. 

Doe> this explain the position of the stomata on the 
under side only of the leaf ? 

The Soft Green Cells op the Leap.— The palisade and 
spongy cells— The chloroplastids — The air spaces. 

Varying positions of the chloroplastids in accordance 
with the degree of illumination. 

Keas m for plants not exhibiting external movements. 

The V E 1 N 8 . — The presence and positions of wood and bast 
. espectively. 


PRACTICAL. 

I. Examine and sketch mosaics. Make detailed lists of devices 
utilised in their formation. 

2* Prepare skeletonised leaves. 
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Strip of! the corky skin (cuticle) from any leathery leaf. 

Prove that leaf veins are conducting organs. (By placing the 
cut end of a leafy shoot in red ink.) 

Prove that the upper skin of a leaf is waterproof. (By placing 
equal sized drops of water on a leaf and on an oiled piece of 
paper and noting times taken for disappearance.) 

Place a large loaf in cold water, pump air down its stalk (by 
means of a bicycle pump and rubber tube) and see if you 
can force the air out from the under side of the leaf. What 
docs this prove ? 

If a microscope is available, prepare and examine all the 
details mentioned in the text, 
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Assimilation. 

1. Conditions for the Formation of Chlorophyll. — 

SuTjflower wof^dliiigs grown in complete darkness are of a sickly 
yellow colour. If brought into the light they gradually 
a-ssumo tho normal green tint. On microscopic examination 
any ordinary h^af shows tho green chloro]»lastids contained in 
its juicy iuternal cc'lls, hut a l(‘af taken from the above sun- 
llow(n’ pluntlet would be found to contain yellowish plastids. 
These yellowish bodies are ti'rmed leukoplastids. Tliey turn 
into chloroplasfcids only when light is present, i.e. they develop 
tho green colouring matter chlorophyll. 

On tho othejr luind, chloroplastids lose their green pigment 
v’hcu deprived of light, and become leukoplastids. If we 
place a stone over some grass the latter soon becomes pale 
yellow; the chloroplastids have become leuko])]astids. On 
removing the stone the grass becomes again healthy and grotai, 
its chloroplastids having been re-devolopod. 

Why are the outer leaves of cabbage, lettuce or celery a 
deep green colour, yet the inner leaves are a pale yellow P 

Why is the green of opening leaf buds such a delicate tint P 

Why do we occasionally find one side of a potato tuber 
quite green ? 

The student will easily answer these questions, and see from 
the above how necessary light is both for the original formation 
and retention of chlorophyll. 

Light is not the only condition necessary for the formation 
of chloro])hyll. 

On a bright day in early spring we can frequently notice 
very pale gretm leaves that have expanded above the ground. 
If these be examined on several successive days they are found 
to retain their paleness. Light is not lacking, for on many 
'Spring days we have almost as bright a light as in summer. 
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The factor retarding the development of the green colour is 
the lowness of the temperature. What has been said about 
temperature in connection with germination applies equally 
to aU the jjlant functions: a low temperature moans a low 
vitality. XJutil a sufficient warmth is attained it is impossible 
for the conversion of leukoplastids to chloroplastids to take 
place. 

Again, if jjlauts are deprived of all traces of iron ia their 
mineral food they remain of a yellowish tinge. On watering 
such a yellow, iron-starved plant with a dilute solution of an 
iron salt the green colour is very soon assumed by the leaves. 
The main conditions on which the formation of chlorophyll 
depends are thus : — 

{a) Light of a sufficient intensity. 

(b) A sufficiently high temperature. 

(c) Presence of iron in the absorbed miner al food materials. 

2. Bxperiments on Starch Formation in Leaves. 

N'ote 1. — Use clover or garden nasturtium. The most con- 
venient way is to have these plants growing in flower-pots. 

Note 2. — Doiddo boll jars (as figun^d in 317) are specially 
useful for these (.!Xi)erimeiits. They are filled with potassium 
dichromate solution for orange colour, and copper sulphate 
with ammonia for blue. 


Expkrimknt. 

Kksult. 

iNFEBENCl-:. 

1. Place a drop of loeak iodine 

A blue colour is 

The method 

solution on anj' common 
kind of starch. 

produced. 

of testing for 
starch. 

2. Place a drop of ntroug iodine 

A dark, almost 

Tost for much 

8olnti(jn on any common kind 
of starch. 

3. How to test a leaf for starch 
(Sachs' method). Gather the 
leaf from the tree towards 
sunset at the end of a hot day. 

black, colour Is 
produced. 

starch. 

(a) Boil it in water. 

! 

The loaf becomes 
limp and flabby. 

All the air In 
the leaf has 
been replaced 
by water. 

ih) Soak for a time in warm 

The green colour 

Chlorophyll is 

alcohol (ordinary methy- 

comes out from 

soluble i n 

lti,ted spirit will serve). 

the leaf, so that 
the latter is a 
pale yellow 
colour. 

alcohol. 

(c) Soak in iodine solution (of 

The leaf turns n 

Starch is pre- 

a sherry colour). 

dark colour 

sent. 
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A little explanhition of Experiment S is necessary 

(a) Enables uhe alcohol to penetrate the leaf tissues more 
quickly ; 

(d) Gives a paie colour, any deviation from which can be 
readily observed. 

Wherever “ Sachs’ test " is referred to in the experiments 
following, Experiment 3 (a, b and c) on page 153 is meant. 



BIxpebuients on Staboh Fobmatzom { Figs . S12 -^ 316i » 

JFig. ^9.’--’0ardm Nasturtium with leaf (A) ^partially covered by soil and 
wkth a small cork pinned on leaf (B). 

SlS.^The results of testing these leaves by Sachs' method. 

SU.'-^A piece of tinfoil with initiaXs cut out. 

SlS.’^The same pinned to a sycamore leaf while the latter is stiU 
lafihed to the tree. 

Sie.'-Mes^t of Sachs' test on the leaf afterwards. 
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Experiment. 


Result. 


Infebbnoe. 


4 . Gather rariegated leaves at 
end of a hot day. Sketch 
carefidly, naming the green 
and yellow parts. Then test 
by Sachs* method. 


6. Pin a garden nasturtium leaf 
down to the soil so that half 
the leaf may he covered by 
the latter. Gather at end of 
a hot day and test by Sachs' 
method (Fig. 312 a). 


The original yellow 

f arts of the 
eaves remain 
yellow. The 
originally green 
parts of the leaf 
turn bluish- black. 
The covered half is 
a yellow colour; 
the exposed half 
darkens (Pig. 
313a). 


Green colour 
(Chlorophylh 
is necessary 
for starch 
production. 


Light is neces- 
sary for 
starch pro- 
duction. 


6. Cut a cork into two discs. Pin 
them on both sides of a leaf. 
Leave attached to parent all 
day. Then test by Sachs’ 
method (Fig. 312b). 


A circular un- 
darkened region 
marks the cork’s 
position (Fig. 
313B). 


Light is notujH- 
B a r y for 

starch pro- 
clnctiou. 


7. Out out your initials as a 
stencil on a piece of tin foil 
(Fig. 314). Pin this to a large 
leaf such as a sycamore 
Test for starch at the end of 
the day (Fig. 315). 


Your initials are 
printed in a dark 
colour on a yel- 
low ground (Pig. 
810). 


Light is uece's- 
sary for 
starch pro- 
duction. 


8. Place three plants 

(n; Under an ordinary bell jar. 

(b) Under an oraugc-coloured 

boll jar. 

(c) Under a bluo-colourcd bell 

jar. 

Test leaves for starch at the 
end of the day. 

9. Test leaves at the end of a 

rather cold yet bright day. 


Dark colour pro- 
duced. 

Dark colour pro- 
duced. 

Yellow colour pro- 
duced. 


Little dark colour 
produced. 


10. Place a plant under a bell jar. Leaves remain a 
but with it place a ves.sel yellow colour, 
containing a few sticks of 
caustic potash. Well Illu- 
minate for a day, and tlien 
test leaves for starch (Fig. 

818). 


11. Smear leaves with vaseline Leaves remain 
on both sides whilst still yellow, 

attached to the plant. Test 
for starch at end of day. 


The red (?o- 
loured ligih- 
rays are us(?d 
for starch 
production. 


Warmth is 
necessary for 
starch pro- 
duction. 

No starch 
made, Bince 
caustic po- 
tash absorbs 
Carbonic a<u(l 
gas. CO/ 
necessary for 
the plant to 
produce 
starch. 

No starch pro- 
duction since 
air could not 
enter. 


12. Smear upper sides of leaves 
only and test as No. 11. 


Dark colour pro- 
duced. 


Starch has 
been made, 
therefore air 
entered. 
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Fig. S17.-“A douhlc»ioalled hell jar in L.S. The space between Is filled with 
coloured liquid. 

Fig. 318.— A Plant unahJe to make food, because caustic potash deprives it 
of carbonic acid gas. 

Fige. 319, 330.— Oxygen is given off during photosynthesie. 
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Experiment. 


'13. Smear some attached leaves 
on their lower side and after- 
wards test as before. 


14. Grow a plant in a culture sohi* 
tion from which potassium is 
lacking. 


15. A pot plant is neglected and is 
not watered for a long time. 


IG. Cut one-half of a leaf from 
a plant at sunset and test 
immediately for starch. 

17. llemove the other half of the 

loaf early next morning and 
test. 

18. Remove the halves from many 

Sycamore loaves. Cut out 
troiri them a measured area 
of leaf surface, free from 
large veins (say 5(K) sq. cnis,). 
Dry them thoroughly and 
weigh. 

19. Gather the other halves the 

Hamo ovoiiliig and measure 
from them tho samo area; 
dry and weigh as boiore. 

20. Fit up any common water 

plant as in Fig. 319. Place 
in tho light. 

(When enough gas has been 
collected it is tested with a 
glowing splint.) 


Result. 


Lieaves remain 
yellow. 


It remain.? in a 
dwarfed condi- 
Lion and does 
not increase in 
weight. 

It does not form 
new tissue. It 
finally dies. 

The half-leaf 
darkens co n- 
siderably. 

Tho half-leaf re- 
main.? yellow. 


The weight is less 
than in No. 19. 


Tho weight is more 
than that of 
No. 18. 


Rubbles of gas rise 
from tho plant 
and displace tho 
water from the 
tost tube (Fig. 
320). Tho splint 
bursts into flame. 


Inference. 


No starch pro- 
duced since 
air could not 
enter, the 
stomata being 
blocked. 

Potassium 
salts are 
necessary. 


It cannot make 
food without 
w'ater. 

Starch is pre- 
sent. 


The starch has 
disappeared. 


Tha increased 
weight is due 
to the starch 
produced. 

Probably some 
chemical prev 
oesB Is goii'g 
on within tho 
plant. Oxy- 
gen has boo 11 
given off from 
the plant. 


This last experiment is one of the most important in tho whole 
series. Water weeds use the Carbonic Acid Gas which is dissolved 
in the water and tho rate at which the bubbles of oxygen are given 
otl affords a ready means of estimating the rapidity at which food 
elaboration is proceeding within tho leaves. 

The student is strongly advised to perform all the above 
experiments — merely reading them through is practically of no 
value whatever; in addition he can show many of the facta 
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educed above merely by tbe use of the apparatus of No. 20 
(Pig. 319) 

To Prove 


{a) Light is necessary. 

lb) The effect of the intensity 
of the light. 

(c) The effects of (i.) red, (li.) 

blue light. 

(d) Whether a plant can utilise 

gas light or electric light. 

{e) That warmth is necessary. 

(/) That air is necessary. 

Ig) That carbonic acid gas is 
not only necessary but 
can be utilised in in- 
creased amount. 

3. The Work of the Green Colouring Matter.—Tlie 

air spaces iu the leaf coiitain siaall amounts of carbonic acid 
gas. This gas is freely soluble and becomes dissolved in the 
water which saturates the walls of the internal leaf cells 
abutting on, and forming the boundaries of, the air spaces. 
It diffuses through this water into that part of the sap which 
very intimately iKsrmoates the protojdasm, and is so brought 
in contact witli the ohloroplastids. (Carefully note that the 
carbonic acid gas is in solution.) 

The chloropiiyll of the ohloroplastids arrests and absorbs 
the sunlight and utilises the energy so obtained in order to 
cause, in some subtle manner, the carbonic acid gas to combine 
with water to form sugar. This sugar is frequently turned by 
the chlorox)lastid3 into small starch grains and stored up in 
them for a short time. This always happens when sugar is 
being produced so rapidly that it cannot (uffuse into the stem 
quickly enough. 

In dealing with the food-conducting parts of plants earlier 
in the book, it was said that the sugary foods diffuse by slow 
osmotic currents through the juicy soft-waUed cells. When 
the green cells of the leaf are making sugar, this sugar is 
Xjlacod in solution in the sap of the cells. Prom these cells it 
gradually oozes to others whose sap is relatively poorer in this 
constituent. In this way it slowly travels down the leaf stalk 
and into the stem. 

If the green cells have much carbonic acid gas and much 
sunlight at their disx> 08 al, they mauufactui’e sugar at a very 
raiud rate, and so their sap is speedily saturatetl with sugar 


By Experiment:— 

Note the rate at which the bubbleg of 
Oxygen are evolved when the plant U 
placed : — 

(a) i. In strong light. 

li. In a dark cupboard. 

(b) i. In bright sunshine. 

ii. Ou a table In the middle of a room, 
lii. As far as possible from the window 
of the room. 

(c) Under the coloured bell jars. 

id) In positions illuminated by these 

means. 

ie) 1 In warm water. 

ii. In tap water containing pieces of ice. 
(/) In boiled water. 

ig) In water into which more and more 
carbonic acid gas is bubbled (Pig. 
321 ). 
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and is unalde to hold any more. It is under these oironm- 
stauces that the chloroplastids change the sugar into starch 
and themselves act as temporary storehouses. During the 
night there is no activity of food elaboration ; much sugar is 
conveyed away from the leaf cells ; their sap is relatively poor 
in sugar ; the chloroplastids convert their stored starch into 
sugar, which escapes into the cell-sap and thus travels gradually 
a^^ay from the leaves entirely. As we have soon by experiment, 
the starch stored in the leaves during the day disappears 
during the night time. 

We should here note the three-fold activity of llui 
chloroplastids : — 

(1) They can make sugar from carbonic acid gas and 

water. 

(2) They can convert sugar into starch and store it in 

themselv('s. 

(3) They can reconvert this starch into sugar. 

No. 1 they are able to perform by absorbing tbe sunlight and 
using its energy, whilst they produce sx^ecial ferments to 
•(‘liable them to perform Nos. 2 and 3. 

4. Chemical Nature of this Work. — We do not know 
all the details of this sugar and starch formation. Th(i main 
jioints riially known are tliese : — 

(a) That carbonic acid gas and water are used. 

(b) That sunlight, warmth, etc., are iicijcssary. 

(c) That intermculiato organic substances an^ first produced, 

and sugar is afterwards formed from these. 

(d) That starch ajipears lat<;r. 

(e) That oxyg(;n is evolved during the process of f(>od 

manufacture. 

We are in the dark in resptKjt to dc ‘tails of the jirocess, A 
hypothesis which best fits in with the observed facts is the 
following : — 

1. (a) Water (H 2 O) is split up into Hg and O. 

(b) Carbonic acid gas is split up into CO and 0. 

2. (a) The ILj and the CO are combined to form a siibstanc ^ 

of the aldehyde group CHsO. 

(b) The two freed parts of oxygon join together and 

escape from the plant. 

3. Ajiparentb'' aldehyde is utilized in the synthesis of 

sugar. 

4. If necessary, the chloroplastids may convert the? sugar 

CcHigOe into starch CoHjoOs by abstracting H./> 

from it in some way (most jirobably by ffirmoutative 

means). 

The above is purely a hypothesis. The student must not 
accept it as a jiroved fact. 
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For 118 , however, these supposed details are not so im- 
portant as the two main results : — 

(a) The plant makes a complex organic food (sugar) from 
very simple raw materials (carbonic acid gas, water) 
by the aid of sunlight. 

(&) It purifies the air, since in this food-making proce‘ss 
it abstracts carbonic acid gas and gives out oxygou . 

Figs. 623 and 324 give this in a simple way, but one worth 
remembering. 

5. Names Given to this Food-Making Process. — 

The title of this chapter, “Assimilation,” gives us tli <3 name 
by which the process is generally known, it is a very unsuit- 
able name indeed. Let us see why. 

An organism must first digest its food, in other words 
make it soluble ; then it must bo dissolved in some fluid 
(blood in animals, sap in iilants) ; this fluid (jarries the foot! 
into the most intimatcj parts of the protoplasm. Lastly, the 
protoplasm asavnvilaUs the food {i,(\ incor])orates it with itself 
to be an integral part of the living material). This last-named 
part of the i)roci!SS — the jictual incorj)oration of food ^^ith 
the protoplasm itself — is true assimilation. Yet the term is 
not used hero to indicate assimilation nor absori)tion, nor even 
digestion, but merely a process which i)recede 8 all these, viz. 
tlui tirst stage in the manufactui’o of the food itself. Another 
name fre(piently used is “ Assimilation of Carbonic Acid Gas.” 
This is open to the same objections as the shorter name. 
Better terms, however, are coming into use, one of these — 
riiotusynthenis — is a very good one, because in itself it indicates 
that a building-up process goes on by the agency of light. 
A further name — Photolysis — has been applied to the proc(‘ss. 
This indicates the part that light plays in the process, but 
emphasises the fact that a splitting up of the substances 
(CO 2 and H 2 O) occurs. 

6. The Effect of Yegetation upon the Atmosphere.— 

In our experiments with seeds wo found that they breathed 
rapidly ; they took in oxygen and gave out carbonic acid gas, 
ue, the}'^ fouled tbe air. Does an ordinary green plant 
breathe y 

The question is easily answered by taking a plant growing 
in a pot, covering the pot and soil with a sheet of indiarubber 
or mackintosh, and placing it with a shallow^ vessel of lime 
w^ater under a bell jar, excluding light from the whoh^ by 
covering with a box. (Fig. 322.) In an hour or so the lime 
water is covered with a milky scum ; breathing is, therefore, 
taking place. If w'O remove the box and replace the lime 





Fig. 321.—Elodea being siipplied with carbonic acid gae. 

Fig. 322.— Proof that a green plant breathes. 

Figs. 323, 324.— The essentials of the feeding process and its results. 

These experiments sIjow us that the plant, like an animal, is 
always breathing, and that it would always bo fouling the air 
were it not that a strong feeding process goes on in the light 
11 
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and has the opposite effect. It would be well here to tabulate 
these two processes in order to appreciate their differences : — 
Respiration (Bbeathinq). Photosynthesis (Peedino) 


1. Goes on in all parts of the plant. 

2. Is always going on. 

3. Is a breaking down (Katabollo) 

process. 

4. Protoplasm Is broken down. 

5. Energy is freed. 

6. Oxygon is absorbed. 

7. Carbonic acid gas is evolved. 

8. Fouls the air. 

9. The plant loses in substance and 

weight. 


(Or, more correctly, Food Maxiu* 
facture). 

1. Only goes on in green parts. 

2. Only goes on in sunlight. 

3. Is a constructive (Anabolic) 

process. 

4. Pood is made. 

5. Energy is utilised. 

6. Oxygen is evolved. 

7. Carbonic acid gas is absorbed. 

8. Purifies the air, 

9. New organic substance is 

formed and an increase in 
weight is produced. 


The above table shows how the two processes are the 
diametric opposites of each other. 

Does a green plant purify the atmosphere or make it impure ? 

It depends entirely on the extent to which photosyn- 
thesis is going on. 

If the plant is breathing at a greater rate than that which 
it is making food it fouls the air; if the two lu’ocesscts are 
going on at equal rate, the plant effects little or no fouling or 
])uriiication ; if the food-making process is the more rajnd the 
net result is a purification of the atiiiosphere* 


7. Comparison of the Effects of Animals and Plants 
on the Composition of the Atmosphere, — Aiiiuials foul 
tlie air always, since they are perpetually giving out less 
oxygen and more carbonic acid gas than they take in. 

Germinating seeds, and also plants like mushrooms, which 
are not green, render the air impure in a similar way. 

Green plants purify the air whenever they are making 
food at a greater rate than that at which they are breathing. 

8. The Nutritive Processes of Plants and Animals. 

— Animals take in complex foods, they then digest them, and 
absorb them into their nutritive fluid (the blood). The 
protoplasm assimilates them to form a ])art of itself, and, 
lastly, the energy for life is obtained by the deconii>osition or 
“ burning ” of the protoplasm. 

Green plants take in raw food materials ot siniido compo- 
sition ; they manufacture those into complex foods and t}i<*ii 
utilise them in a similar way to animals. The great difference 
l>etwcon animals and green plants is that the latter make 
their foods within themselves, whereas the former take them 
in ready-made. In other words, animals only destroy foods, 
but plants construct them from simple substances before they 
(desteoy them. 
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The student should particularly notice how the gfreen 
colour of plants preserves the balance of available energy in 
the world. Plants absorb the energy of the sun’s rays, storing 
it in the form of complex foods, which either directly or 
indirectly constitute our food. We derive our vital energy by 
the reduction of complex foods to simpler substances. In 
other words, plants are constructive, animals destructive, 
organisms. 

9. How Starch Feeds a Plant. — Most plants convert 
their sugar into starch for storage purposes. Starch is a very 
compact form in which the nourishment may bo stored up. 
We have met it as a reserve material in seeds, in tubers, aii<l 
in the medullary rays of the stem. Food of this kind always 
travels to the storage region in the soluble sugar form. On 
reaching the reservoir it is turned into starch grains by the 
activity of the leucoplastids. When recpiired for use it is 
turned into sugar again by the action of diastase or some 
similar ferment, and in this soluble form it is able to travel 
through the soft cells to places where it is required. 

What causes it to travel in this way ? 

Imagine a coll at the growing tip of a stem being actively 
engaged in using sugar for the formation of nc3W cellulose 
walls, etc. It withdraws this sugar from its own cell sajs 
which is thus made poorer in sugar. Sugar, therefore, passes 
in by osmosis, from the sap of the next coll, and this cell 
repeats the process by withdrawing more sugar from the next, 
and so on. Thus a slow current from the storage region to the 
growing point is produced, 

10, Sugar or Starch Formation does not Represent 
the Whole Process of Food Manufacture in Plants." " 

It is merely the first stage of the process. tStarches and 
sugars contain the chemical elements — carbon, hydrogen and 
oxygen. But we know from our previous study of foods that 
proteids are also required for the synthesis of protoplasm, being 
incorporated into the protoplasm in this condition. 

This conversion of relatively siij»])le sugary snbstatice into 
proteids involves the further combination of tlie nitrogen, 
sulphur (and frequently phosphorus) obtained from the mineral 
salts (nitrates, sulphates and phosphates) with the sugar 
already made. 

This series of constructive (i.e. elaborative or anabolic) 
processes most probably goes on in the gretm leaf cells, 
although our knowledge on this point is vague as yet. 
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SUMMARY. 

The chlorophyll of plants is only developed in the presence of 
light, warmth and iron. 

Starch production only goes on when chlorophyll, air, carbonic 
acid gas, water, potassium salts, light and warmth are present. 

Synonyms for sugar (or starch) manufacture 

Assimilation. 

Assimilation of carbonic acid gas. 

Photosynthesis. 

Photolysis. 

Plants purify the atmosphere by this photosynthetic process. 
They use up carbonic acid gas and set oxygen free. Leaves store 
up starch during the day, but are quite starch-free by next 
morning— the starch has been converted into sugar during the 
night and conducted to the storage organs. 

In plants Respiration and Photosynthesis are antagonistic 
processes. 

Animals foul the air always. 

Plants foul the air when their breathing is more active than 
their phbtosynthetic process. 

Sugar is the form in which carbohydrate food travels through 
the plant. 

Sugar requires to be elaborated much further in conjunction 
with nitrogenous compounds, before proteids are formed to repair 
ifld, or build up new protoplasm. 


PRACTIOAL. 

Perform the experiments described in the text. 




CHAPTEE XV. 


Transpiration. 


1. A Plant gives olf Water from the Under Sides of 
its Leaves. — Wo can easily prove tliat a plant gives off water 
from its stem and loaves by taking a potted plant, oiivclo])ing 
the pot with a rubb(ir sheet, tying it closely round the stem and 
placing the whole under a bell jar. The sides of the bell jar 
soon become misty and drops of water begin to accumulate on 
them. Wo can prove that the bulk of the watcT is given off 
from the leaves and not from the stcmi by smearing the latt<‘r 
with vaseline btifore wo place th(5 plant under the glass shade;. 
The; mistiness ap] tears as quickly as before. 

If we smear the leaves w(;ll on both sides with vasoliius the 
sides of the bell jar remain perfectly clear. On th(; other hand, 
the mistiness is jtroduced if w^e smear only the iiitper surfa(;os 
of the l{;aves wdtli the vaseline. Evidently we have not blocked 
the exits of the water. Lastly, if we smear the lower loaf 
surfaces and not the; uitjtor, the bell jar rciiiaius clear. 

From these experiments w^o see that the water makes its 
escape from the under surfaces of the leaves, and combining 
this with the results of our previous microscoiuc examination 
of the upper and lower epidermis, we come to the conclusion 
that the stomata must be the means of egress. 

Two other experiments (one gross, the other very delicate) 
l»rovc the same thing. 

(a) On a hot summer’s day a sycamore leaf has a glass plate 
closely clamped to each of its two surfaces. It is then 
supported a little from below so that it still retains its 
normal position and attachment with the parent plant. 
Within twenty minutes drops of water arc setm dripping 
from the lower glass plate, whilst the upper plate show'g 
no signs of moisture. 
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(h) Some chemical substances have two distinct colours; 
one in the dry state, another in the moistened condition. 
Cobalt chloride is one of these. If it be thoroughly 
dried it is of a decided sky blue colour ; on the slightest 
access of moisture it turns quite pink. Here we have 
a splendid means for identifying most delicately the 
presence of small amounts of water vapour. Two 
pieces of porous paper (filter paper or ordinary blotting 
paper) are soaked in a solution of cobalt chloride and 
allowed to dry. Even when apparently quite dry they 
fire of a pink colour. Further drying over a bunsen 
flame is necessary in order to cause them to turn blue. 
Meanwhile, a sycamore leaf is plucked from the tree, 
dried between blotting paper, and is then ready for 
placing between the cobalt papers ; but it is necessary 
to i^rotect the latter from the moisture of the air. Two 
hot-dried mica sheets are prepared beforehand, and the 
experiment is arranged in this way : — Centrally the leaf, 
on each side of this a blue cobalt paper, outside these a 
dry mica sheet. The whole series is clamped closely to- 
gether or merely pressed together by a small weight. 
Item ember title leaf is living : it has only recently been 
plucked from the tree. Within three to five minutea 
suflicient water vapour has come out through the stomata 
on the lower leaf surface to print a pink leaf shape on 
the blue paper. Examination of the upper paper showa 
that it remains blue all over. 

These experiments prove further that the stomata on the 
lower leaf surface are the exits of the water vapour. 

2 . A Plant Possesses the Po wer of Sucking up Water 
through its Stem. — A cut leafy shoot is fastened by a short 
length of rubber tubing to an open glass tube. The tube is 
filled with water and one end immersed in a vessel of mercury. 
(Fig. 325.) In a short time the mercury is found to have been 
drawn some distance up the glass tube. (Fig. 326.) If the plant 
can suck up mercury in this way, it can suck up water thirteen 
times more easily, for mercury is thirteen times heavier than 
water. 

3. Paths of the Upward Current of Water in 
Stems.— The paths along which the water is transmitted can 
easily be seen by placing cut leafy branches in red ink or, what 
is better, a solution of eosin, a dye readily staining the tissues 
it passes through. Wherever the ink passes up the stem a rod 
stain is found ; thus, by cutting the stem across at different 
Itjvels, we can dotennine both the paths and the rapidity of its 
upward i^assage. 
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The results we find corroborate our earlier work in connection 
with the conducting tissues; in a leafy lily or maize stem, 
where the vascular bundles are dotted throughout the cross 
section, we find very many dots or, in longitudinal sections, many 
narrow red lines ; in a young sunflower stem we find a single 
ring of larger red dots in transverse section and one circular 
system of red tracts in the lengthwise view ; in an elm branch 
some ten years of age we find that the wood is stained most, 
strongly in its outermost region that is in the region of the sa]> 
wood, in longitudinal se(;tions we find two strong bands of red, 
oiK^ immediately below the “bark ” of each side. 

Thus water travels upwards in : — 

(a) Stems of jdants possessing In very many isolated 
one seed leaf. small currents. 


(h) Green soft stems of plants In a ring of isolated 
possessing two seed ciuTonts. 

leaves. 


(c) Thick w'oody stems of plants In a hollow cylinder, 
possessing two seed 
leaves. 


Wlien the water reaches the leaves this cniTont (orcuiTents) 
bi’anches out into iiiuumorable smaller cuTTonts along th^^ 
viiins. This is well S('.en by leaving tbe end of a branch dii)piiig 
i I the ink for a few hours. 


4. The Transpiration Current (or Ascending Sap.)— 

There is a great tendency for studtmts to confuse the ascondiug 
sap or transpiration current rising uj) through thc^ wood of 
sterns with the sa]) contained in the soft (ifills of tlie, plant. 
This would not he so were it not for the unfortunatdy vague 
use of the word “saj).” A word of cxphination will make? tlu* 
distinction clear. 

The transjuration current (or ascerxding saxx) is a rapid 
stream of water with dissolved mineral substaucr^s piissing 
ujiWiM’ds from roots, through the stems and l)ranch(*8, to the 
leaves via the dead wood cells. The main factors i)roducing 
its flow are 

(a) root jxressure (the driving force from hclow) ; 

{h) the suction action of the leaves above. 

The water of the cell sap, on the contrary, is practically 
stationary, except in cells near the root hairs a:id in the 
green cells of the leaf. It consists of water charged with 
oxygen, carbonic acid gas, foods and waste matters. It is 
contained in living cells, and has been attracted within them 
by osmbtically active substances produced by the protoplasm. 
It is the **life blood*’ of all living vegetable cells. 
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6. Distinction Between the Transpiration Current 
and Transpiration.— The transpiration current is a rapid 
flow of water upwards to the leaves. One of its functions is to 
supply water to take the place of that which has been given 
off by transpiration or modified evaporation of water from the 
leaves. 

6. Transpiration is Modified Evaporation.— Figs, 
307, 308 are essentially rex)eated here (Figs. 327, 328), since this 
will save much cross reference. 

The student will doubtless have noticed that the statement 
has never been made that i)lants evaporate water from their 
leaves. A few lines above, we have referred to this loss of 
water (t.e. transpiration) as a “modified” evaporation. It is 
necessary to justify the use of this adjective. In what way is 
transpiration modified evaporation ? 

Some light is thrown on the question by considering the 
rp'^es of loss of water (by weighing) — 

(i.) from a dead leaf ; 

(ii.) from an exposed water surface ; 

(iii.) from a living leaf. 

The rates at which equal areas of the above lose water ar<i 
indicated by their arraugement in the above order, A dead 
leaf gives off more water than an exposed water surface. A 
living leaf retards the evaporation, so that is the slowest of tlio 
three processes. 

Why should a dead leaf give off wattT at a more i’ax>id rate 
than the actual surface of the liquid freely exx)Osed to the air ? 

A glance at Fig. 327 makes clear what a large area of 
moistened cell wall is exposed to the air of the leaf’s internal 
air chambers. This is quite sufficient to explain the more rapid 
rate of evaporation. 

By what means does the living leaf modify the evax:)oration 
Structurally, the two leaves are identical — the same arrangement 
of atomata air spaces and exposed cell surfaces. 

We note, however, one difference. In the living leaf there is 
a delicate lining of protoplasm lying within the cell wall; 
the water must pass through this in its x>a-ssage from the cell 
sap to the air of the chamber. (Fig, 328.) It is lliis lining film 
of living material which has the x^ower to regulate the amount 
of water escaping from the cells, and so from the entire leaf. 
Of course physical conditions (see infra) largely decide the 
amount of transpiration going on, but the protoxdasm has the 
“ last word,” as it were, by regulating the flow of water passing 
through it. Our use of the word “modified” is, therefore^ 
fully justified. 
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It will be a very useful revision at this point to read through 
that part of the root's behaviour where the protoplasm of the 




Fi(j8. 325, 326 —Shewing that a 
leafy stem has the poiver of 
sucking up water and mer- 
cun/. 

Fig. kr.—T.S. leaf. 

Fig. 328.— A few spongy cells 
from a leaf. 

N.B.—The Ohloroplastids have 
been omitted in Figs. 327 

328 . 



soft cells lying next to the wood retains its sap until it is 
greatly distended, and then suddenly allows the escape of the 
vi ateriiito the wood. (Fig, 158.) Here, again, the regulating 
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action of the protoplasm is evident : it may forcibly prevent, or 
it may freely allow the passage of water through it. 

7. Details of the Transpiration Process in the 
Deaf. — (Eefer througliout to Fig. 327.) If the stoma B bo 
open there is free communication between the atmosphere A 
and the air within the leaf air spaces C. We also know from 
})revious considerations of gaseous diffusion, that if there bo 
more water vapour in one region of the air it will pass in a 
diffusion current to another part, and so the composition of the 
air will tend to become uniform in nil parts. 

In a])i>lyLug this principle, let us suppose that the air A 
outside the i^lant is not saturated with water vapour. The air 
in the spaces C within the leaf is saturated with water vapour, 
because all the walls of the air spaces are formed by the moist 
cellulose walls DU of the internal leaf cells BF, Water vapour, 
will, tlierefore, diffuse through the stoma B into the atmosphere 
A outside the plant. The air in the spaces C will not then be 
saturated ; a little water consequently evaporates from the 
moiston'vMl walls D, and so the air again is saturated with 
moisture. More thus escapes through the stoma. This con- 
tinuous action dries the cellulose walls D, so that they withdraw 
water from the saj) cavity through the intervening protoplasmic 
film and again become quite moist. (Fig. 328 80.) We see 
from this how the sap in the centre of the cells E gradually 
becomes diminished and the cells become flaccid. At least they 
would become so were it not that the sap is replenished by 
water passing by osmosis from the sap of the cells F, which are- 
more turgid. 

These cells F are always turgid, for as fast as any sap is- 
withdrawn from them by the outlying cells E they withdraw 
water from the woody tracheid cells G of the vascular bundle 
which lies close at their side. But in a single leaf there are 
hundreds of cells in the F position and all taking a little 
w'ater from the veinlet 6r. When we think of the thousands 
of leaves on a tree we can form some conception of the 
suction force these hundreds of thousands of cells exei’t ou 
the wood and how they are continuously depriving it of water 
when transpiration is actively going on. 

8. Measurement of the Amount of Water Absorbed 
and Byolved by a Shoot. — Fig. 330 shows us how to 
measure the amounts of water taken in and given out by a 
leafy shoot. 

The shoot is tightly corked into the mouth of a graduated 
glass jar containing water. This is covered by a glass shade, 
aud along with it is a shallow vessel containing calcium 
chloride, which substance absorbs water very readily. 
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If the levels of the water and the weights of the oalciura 
'Chloride be obtained before and after the experiment, wo are 
able to compare the weights of the water taken in and given 
off, (Every c.c. of water = 1 gramme weight.) 

^ If the experiment be allowed to go on for several hours in 
bright sunlight we find that the shoot gives off slightly less 
water than the amount it takes up. 

The reason for this is that some of the w^atcr has been used 
in food manufacture (photosynthesis). This experiment also 
proves that the leaves only require a very small fraction of 
the water with which they are supplied. 

9. The Potometer (Drink Measurer) (Fig. 329). — This 
instrument consists of — 

(1) t| -shaped glass tube of about half an inch diameter {A), 

(2) A long glass tube of very narrow bore bout at right 

angles a short distance from each end {F)» 

(3) A ruler or scale, preferably in centimetres {E), 

I 

(1) A small vessel of water (0), 

In preparing the instrument for use (Fig. 331) a strong jet 
of water is run in C from the taj) until it escapes both from 
the H and B. The cut end of the shoot M has alrt?acly been 
forced through a rubber bung Ny and this is then tightly 
inserted into B, We are thus sure* that the water ivS in close 
contact with the cut shoot. The end II is next closed with 
the finger and a cork is tightly fixed into C. If this has been 
done properly no wat^r will escape from H when the finger 
tip is removed. The end H is immersed in water as 
Fig. 332, the instrument is then ready for use. The II end 
is raised from the water (Fig. 333) and air is seen to be sucked 
slowly into the tube. H is next immersed in the water and a 
bubble (Figs. 329-334) slowly moves up and along the glass 
tube at a rate proportional to that at which the water is bf*ing 
sucked up by the leafy stem. Consequently we are able to 
measure the rate of the water absorption by noting the time 
taken for the bubble to pass a certain distance along the scale. 
When the bubble reaches the i| tube it passes up into 
the straight limb and remains at (7. Another bubble can then 
be imprisoned at H and the whole process repeated. The 
great value of the instrument is that we can place the leafy 
shoot in different positions (i,e. under different conditions) and 
so investigate the factors which infiuence the rate of the 
transpiration current in the stem. 
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10. ExporimentB with the Potometer. 


Expebiment. 

Result. 

Inference. 

1. The Bhoot is placed close 
to the glass of a sunlit 
window. 

The bubble travels 
rapidly. 

t 

i. It is moved back to a 
table in tlie centre of 
the room. 

It travels more 
slowly. 

Light promotes 
transpiration. 

3. It is placed in a dim corner 

of the room. 

4. It is covered over with a 

large wooden box. 

It travels more 
slowly still. 

It gradually ceases to 
move. 

V Darkness re- 
tards trans- 

piration. 

5. It is placed under a bell 
jar in the sunlight. 

The bubble goes 
more slowly. Later 
bubbles hardly 
move at all. 

The greater thcj 
humidity of the 

6. The bell jar is removed. 

The bubbles travel 
more quickly. 

^ air, the le.ss 
rapidly does 
transpiration 

7. It is placed under the 
bell jar with a calcium 
chloride vessel. 

ti. It is placed in a part of 
the garden away from 
the wind. 

There Is a much in- 
creased rate of 
travel. 

go on. ^ 

|wind promotes 

9. It is idaced in a windy 
part of the garde fi. 

The rate is more 
rapid than in Ex- 
periment 8. 

The rate is most 
rapid when the 
temperature i s 

nearest the opti- 
mum. 

j transpiration. 

10. It is tested in a ehady 
place. 

ia) In the morning. 

(b) At noon. 

(c) In early evening. 

And the temperature of 

the surrounding air is 
taken at the same times. 

Temperature in- 
fluences trans- 
piration (as 

indeed all vital 
functions o f 
plants). 

il. Some of the loaves are cut 
off the shoot. 

The bubble travels 
more slowly. 

The leaves are 
the path of 
escape of water 

12. The leaves are smeared 
with vaseline on their 
under surfaces. 

1 

The bubble becomes 
stationary. 

Blocking the 
stomata pre- 
vents the 
escape of water 


11. Conditions affecting the Rate of Transpiration. 

Results of the above Experiments. 

(a) Light. — The action of light in promoting transpiration 
is twofold : It enables the soft intexual leaf cells to 
make food rapidly ; for this they both require more 
water and mineral substances and give more water olf 
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into the air spaces ; it has a direct action on tlie guard 
cells of the stomata, causing them to open. 

Details of Opening and Closing of the Stomata , — If the 
student examines Figs. ;i05-307 he will lind that 
the guard cells of the stomata contain chloroplastids, 
hut tlie other epidermal crjlls do not. A great deal 
depends on this. 






Fig. 399.— The Totonieter in use. 

Fig. 330.— Experiment to compare the amounts nj water absorbed and 
evolved from a leafy shoot. 

Fig. 331.— Method of fitting tlie upper half of the instrument, 

T igs. 332 ~33i.— Imprisoning a bubble for tute. 

Fig. 332.— The tube full of water. 

Fig. 333. — Air drawn in. 

Fig. 33i.—The Bubble imprisoned. 

At the beginniug of the day the stomata are closed. 
When a moderately strong light falls on the leaf, the 
stomatal guard cells are among the first to rec(evo it 
and they soon manufacture a small amount of sugar 
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whioh becomes dissolved in their cell sap. Sugar is 
an osmotically active substance , and it attracts more 
water into the guard cells so that they become highly 
turgid or distended with sap. 

The guard cells have their walls thickened in such 
a way that the cells separate from one another when- 
ever they are in a turgid condition. 

Briefly the action of light in promoting transpiration 
is as follows : — 

(1) It enables the guard cells to make sugar. 

(2) Sugar within the guard cells causes their tur- 

gescence. 

(3) The turgidity causes the stomatal ijore to be 

opened. 

(1) The water vapour can now escape from the air 
chambers of the leaf. 

The opposite series of events occurs on the approach 
of darkness. 

(1) The guard cells cease to make sugar. 

(2) The sugar already made speedily oozes through to 

other cells by osmosis. 

(3) The amount of watery sap of the guard cells is 

consequently diminished. 

(4) The guard cells become flabby. 

(o) As a result they become closely adpressed to each 

other by their margins. 

(6) The stomatal pore is now closed, 

(7) Transpiration practically ceases. 

(b) Humidity of the Am. — The references here are to 

Fig. 327. 

The air in the leaf’s spaces (C) is always saturated 
with water by evaporation from the moist cellulose 
walls D. If the air {A) outside the plant be very dry 
there will be a very rapid outward passage of water 
viipour through B. If the air {A) were completely sat- 
urated with moisture there would be no escape of water 
vapour whatever. The contrivances by which some 
plants utilise this principle will be found in the eco- 
logical treatment of the subject. (See chapters XX.- 
XXII.) 

(c) Wind.— T he air (A) immediately outside the leaf has more 

water vapour in it than air situated further away from 
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the plant. We have previously noted how this water 
vapour will gi-adually pass by diffusion to other parts 
of the air. The wind, however, in blowing across the 
loaves removes this air [A) very rapidly, and air contain- 
ing less water vapour is brought into this immediate 
region. 

This is one action of the wind in promoting trans- 
piration. Aspiration is another of its effects. Wlicn wind 
blows across the stomatal openings it exorcises a suction 
action and draws out some air and water vapour from 
th(! leaves, like the passing wind draws the smoke up a 
chimney. 


SUMMABY. 

TRANSPIRATION. 

Transpiration is modified evaporation of water from leaf 
surfaces. It is the physical process of evaporation regulated by 
the protoplasm according to the needs of the plant. It is also 
largely influenced by external physical conditions (temperature, 
light, wind, humidity of the air). As a cousequenoo of trans- 
piration the loaves are able to draw water up the stem. A large 
amount of water is necessary because the mineral salts required 
for food-making can only be absorbed by the roots in very dilute 
solutions. The excess of water is given off (via the stomata) from 
the under surfaces of the leaves. In green stems the water ascends 
in small isolated streams ; in woody stems as a hollow cylinder. 
The path of this upward transpiration current is the woody parts 
of the plant. The comparative rate of the transpiration current 
under diffexent conditions is most easily observed by use of the 
potometer. 


PRACTICAL. 

1. Perform the experiments detailed in the text. 

2. In connection with potometer experiments with a woody branch, 

calculate, from the rate of movement of the bubble, the rate 
at which the transpiration current is ascending the stem. 
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Flowers. 


1. Yegetative and Sexual Reproduction.— In the 

chapter dealing with creeping and swolh^n stems, we found 
that the main purpose of these w^as to ju’oduce new plants. 
This reproduction of new individuals was called Vegetative 
Reproduction, and consisted essentially of the sci)aration of a 
larne part of the i)arent plant to form a new one. By this 
means well-developed plants are very soon produced, hut thei*e 
is the disadvantage that the plantlets grow in close i3roximity 
to the parent. In addition, it often happens that wintry 
climatic conditions would be fatal to a i)laut having large 
stems and leaves. How is the plant to live through such an 
unfavourable time ? The necessity of another kind of repro- 
duction is thus made manifest. By the sexual method of 
reproduction the plant is able to produce very tiny i)lants, 
which — 

(a) Are very small, and so can be easily transported to a con- 
siderable distance; 

(t) Can be covered with hard resistent coats able to with- 
stand adverse climatic conditions ; 

Are capable of a more vigorous life and growth than 
that of the parent at the time that it produces them. 

2. What is Meant by a Sexual Prooeaa. — The last sen- 
tence in the previous section requires some ex])lanation. It is 
known that plants, feeble and nearing the end of their life, 
can produce seeds containing plants endowed with the full 
vigour of youth. This new access of vitality is the result of a 
sexual x^rocess. By a Sexual Prooess is meant the union of 
two germs of life to form one. Wherever in the entire living 
world, whether in animals or in plants, we find distinct sexes ; 
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these male and female organisms have each been primarily 
differentiated from one other for the purpose of producing the 
two kinds of life germs or sexual cells, and later in the life 
history one of the male cells fuses with a female cell, with the 
result that a vigorous descendent is developed from the latter. 
The union of a male and female cell enables the latter tn pro- 
duce a vigorous offspring. 

3 . The Biological Significance of Flowers.—Leaving 

aside all considerations of the beautifying effects of flowers, for 
this is the way in which flowers ax>peal to most of us, we must 
regard them more from the jdant’s “ point of view.” A plant 
produces flowers for the functions of — 

(1) Formation of its two kinds of sexual cells. 

(2) Providing facilities for the fusion of these cells. 



Structure op a Stamen {Figs. 33^—339). 

■Ftg, S35.-^The Head and Stalk. 

Fig, 8S3.— Transverse section along a a.— The four pollen chambers ar# 
shown. 

Fig. 337.^The Stamen bursting along two lines. 

Figs. 338, 339. — Two stages in transverse section. 

Fig. 339.— Transverse section along the line b b. 

4. The Sexual Cells in Flowers. 

(a) The Male Cells. — Inside the vast majority of flowers 
we find yellow-stalked bodies — the stamens. These are 

12 
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essentially cases for the production of the male cells — 
the pollen. The stalk is a subsidiary structure and may 
or may not be present. On examining the head of a 
stamen, a groove is seen throughout its length. (Fig. 335.) 
If we examine the stamen cut across, we find that there 
are four chambers full of pollen grains. These chambers 
or pollen sacs, as they are called, run throughout the 
length of the head. When the pollen grains are ripe, 
che head usually bursts along two long lines (Fig. 337) 
and the powdery pollen easily escapes. Stages in the 
bursting of pollen sacs are shown in Figs. 338, 339. 
The pollen grains are the male sexual cells. The stamens 
are the sexual organs producing those cells. 

(5) The Female Cells. — In the centre of the majority of 
familiar flowers there is a green structure of varying 
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INVOLDINQ OF A Cabpkl TO FoBu A Chambeb (Figs. 3i0—3i3). 

340.~-The expanded Carvel, Fig. 343.— Its section along a a. 

Fvg. 341.— The Carpel inioldxng. Fig. 344.— Its section along b b. 

Fig. 349.— The Carpel infolded. Fig. 345.— Its section along c c. 

The ovules are seen as spherical bodies on i^e margins of the Carpel. 
Is each ovule in Figs. 343—345 the egg cell is marked as a dot. 

form lying surrounded by the stamens. This is the 
ovary or pistil of the flower, and its structure is, at first, 
rather hard to understand, because so many varieties 
are found. Essentially, it is a case or chamber contain* 
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ing the female cells. It is made up of one or more parts 
called carpels, more or less resembling leaves, and often 
wrongly described as modified leaves. They are folded 
on themselves to form one or more chambers. The 
female (or egg) cells do not lie naked in the ovary 
chamber as did the pollen grains in the stamen. Each 
individual egg cell, or ovum, is embedded in a small 
spherical cellidar mass called an ovule, and these ovules 
are attached to the walls of the ovary chamber. (Fig. 
341.) Students should carefully distinguish between the 
ovum, the ovule and the ovary. Let us now examine 
a few typical ovaries. 

The main structures to be borne in mind are : — 

(i.) The walls of the ovary chamber consist of one 
or more carpels; 

(ii.) Ovules are borne in the ovary and are generally 
attached to its wall ; 

<iii.) Each ovule contains one ftnnale or egg cell — the 
ovum. We can regard the carpel as a leaf -like 
body bearing the ovules on its margins. (Figs. 
340, 343.) Its walls become folded to form a 
chamber witli the ovules tucked away within. 
(Figs. 3‘il et sea,) 

The ovules thus lie in a single line down the 
wall of the ovary. 

Does this recall the arrang(3meut of the jrarts 
in a ])ea pod ? Would there be a similar struc- 
ture in the pea flower ? 

The ovary chamber in this case (Fig. 3 1C) is formed 
by one carpel only, but in the greater number of flowers 
there is more than one car})el. 

In the marsh marigold ovary (Fig. 403 {i.iid 405) wo 
find about a dozen cari)cls standing upright in the 
centre of the flower. Every one of these contain ovules 
arranged down one of tlie sides. A more usual state 
of things is that the carpels are united together. A lily, 
for instance, has three combined cai’pels. (Fig. 3-48.) 

Let us imagine three carpels, each a chamber, as in 
Figs. 342, 347, fused together to make one body. 
Naturally, an ovary such as this will present three 

chambers (Fig. 349), when cut across at a level, a -a. 

The ovules will all spring from the central region, which 
is comj)Osed of the six fused margins of the carpels. 

A ijansy ovary affords us an example of another 
carpel combination. (Fig. 351.) 

Picture three leaf-like carpels, each as in Fig. 340, 
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becoming combined by their edges (Fig. 350), and this* 
gives the explanation of the ovary structure here. The 
ovary is one chamber and the ovules are arranged in 
three lines or regions down its walls. (Fig. 352.) 


C 
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8TBUOTUKB OP OvABlEB {FigS. 355). 

Fig. Ovary of Sweet Fea.~{o.) Calyx. 

Fig. 3i7.--Sarfie out across to show Ovules attached to the side* 

Fig. 34S.~-Ovary of Lily.— {sg.) Stigma; {st) Style. 

Fig. 349.— Same cut across* three-chambered with ovules borne down the^ 
central region. 

Fig. 350.— Diagrammatic view of the structure of a Pansy Ovary . — The 
three carpels joining by their edges. 

Fig. 851.— Actual appearance of a Pansy Ovary. 

Fig. 352.— Same cut across, one-chambered with tho ovules in three regions- 
on tho wall of the ovary. 

5. The Necessity of Pollination. Pollination and 
Fertilization.— The egg cells are not only completely en- 
veloped in their respective ovules, but the latter are contained 
in a closed ovary chamber. How is the male cell (pollen grain) 
to reach the female (egg) cell ? 

Tt must first be conveyed to the tip of the ovary chamber 
.d) ; next it must grow and pierce the wall of the chamber (B) ; 
then it must traverse the open space (C) to the ovule before it 
can enter tho uncovered tip (/>), lastly, it must bore into the 
ovule to fuse with the egg cell (E) within. (Figs. 353, 354.) 

The transference of the pollen from the stamens to the tip of 
the ovary is termed pollination. The actual fusion of the tip 
of the pollen tube wdth the female egg cell is known as fertili- 
sation. The pollen grain only adheres to the ovary wall in 
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Fig. S53.--^Longitudinal section of Pea Ovary thowing contained Ovules. 
Fig. 354.^Detail8 of a small part of a&oua.— For explanation of referenoee 
see text. 

Fig. 355.-~Enlarged vieio of the rough Stigmas of Willow. 

Fig. 356.'— Primrose Ovary. 

Maizb (Figs'. 367—366). 

Fig. 357.— Mead of unopened Made Flowers. 

Fig. 358.— A few opened Male Flowers, each with scales and stamens. 

Fig. 369.— The Stamen enlarged.— (p.g.) Pollen Grains. 

Fig. 360.— A single Female Flower.— (ov.) Ovary. 

Fig. 361.— A Cob of Female Flowers with projecting Stigmas, 

Fig. 3^.— A small part its Stigma much magnified. 

Fig. 363.— A young Cob drived of its leafy investment to show the conical 
head of Female Flowers. 

Fig. 864.— Very young stage of Fig. 363. 

Fig. 365.— Small part of Fig. 364 in longitudinal section. 

Fig.366.—Toung Female Flower magnified,— (8t,)Sti8imA •, {ov.) Ovary. 



182 


PLANT STUDY. 


one particular spot. This is the stigma — the rough sticky tip 
of the ovary. Tho roughness of the surface here (Fig. 355) is 
of great use in detaining the pollen grains; the stickiness 
furthers the same object. It is due to the secretion of a sucary 
fluid, which also affords nourishment to the pollen tube, which 
grows out from the pollen grain. 

Since in many flowers the ovary is very deeply situated, it 
is necessary for the stigmas to be carried up on the end of a 
long stalk or style ^ so that they may be placed in a convenient 
position to receive pollen grains. The typical ovary is thus a 
(chamber in the centre of the flower, with a thread-like style 
arising from its tip and with one or more stigmatic or receiitive 
surfaces borne at the end of the style. (Fig. 35G.) 

6. Mechanism of Pollination. — If the same flower bears 
both stamens and ovary, it may be so arranged that pollen 
falls on the stigmas and so eff(;cts self pollination. 

Some very simple flowers contain only stamens or ovaries : 
here cross-pollination is a necessity. By cross pollination is 
meant the transference of pollen from one flower to the stigma 
of another. Cross pollination produces seeds which grow into 
more healthy jdants than those from seeds resulting from self 
pollination ; therefore, it is to a plant’s advantage to obtain 
cross pollination if possible. Plants usually are dependent 
upon the wind or insects to effect cross pollination. Full 
details as to how they promote this co-operation will be found 
at tho end of Chapter XVII., which might be referred to here 
with advantage. 

7, Flowers of Various Complexity.~(^) Simple 

Unisexual Flowers. 

(a) Maize. (Figs.357-3G6.) — The flowers are enclosed in scales. 
The male flowers each consist of three stamens. These are 
large, and so there is abundance of pollen to be scattered 
by the wind. The flowers are situated in numerous 
clusters towards the top of the plant; this again aids 
the wdnd’s dispersal of the pollen. (Figs. 357, 359.) 

The female flow^ers are borne in a conical mass (the 
cob) closely covered with many sheathing leaves. (Fig. 
3G1.) Each flower consists of one carpel surmounted 
by a very long thread-like stigma. The bunch of stigmas 
l^rojects from the cob as a tassel of hairs. Each stigma 
is hairy throughout its length so that the pollen very 
easily catches on them. (Figs. 361-366.) The student 
should note how the female flower is fitted for wind 
pollination. 

</>) Willow. (Figs. 367-376.) — Aivillow catkin consists of a 
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Willow Flowers and Frott (Figs. S8T-^STgi, 

Fig* 507',— Jjfala Oatlcin, 

Fig. 368*--The Male Flower. 

Fig. ^.-—Female Catkin. 

Fig. 370.— 'The Female Flower, 

Fig, 371. — Tip of the eame. 

Figs. 373. 373.— Female Flower cut lengthways and crossways to show tho^ 
contained ovules. 


{sc.) Scale; {sta.) Stamens; {h.g.) 
Honey Gland; {st.) Stigmas; 
{h.) Hairs ; lov.) Ovary. 


Fig, 374.—Bipe Catkin showing burst Fruits, 

Fig. 37&.—The Fruit, Fig. 376.— The Hairy Seed, 


Poplar (Figs. 377—381). 

Fig. 377. — Male Catkin, Fig, 378* — Female Catkin, 

Fig. 379.—Mipe Female Catkin. 

Fig, 380.— One Scale from a Male Catkin, showing the hanging stamens.. 
Fig. 881.— The Stamen with escaping pollen grains. 
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Hazel {Figs. 383— 385}^ 

Pig. 382,— Twig with Leaf Bud (l.b.), Male Gatlcin (m.c.) and Female 
Catkin (f.o.). 

Fig. 383.— One Scale {sc.) from the Male Catkin viewed from ivUhin. (s<a.) 
Stamens. 

Fig. 384.— Female Catkin with •projecting etigmae (st.). 

Fig. 383.— One Scale (sc.) from Female Catkin viewed from within, (o?;.) 
Ovaries (each is a female flower). 


Oak {Fige. 386— 38S), 

Fig. 386.— Hanging Catkins of Male Flower (m.f.). 

Fig, 387.—CatkinSt each bearing two Female Flowers (f.f.). 

Fig. 388.— The Female Flower enlarged’ (sc.) Scale; (1.) Leaves; {st.) 
Stigmas. 
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stem covered with tiny scale leaves. One catkin bears 
flowers of the male sex, whilst the female catkins are 
borne on another tree some distance awayi A flower 
lies within each scale of the catkins. The male flower 
consists of two stamens with a small honey gland or 
nectary at their base. (Figs. 367, 368.) 

The female flower consists of an ovary and a honoy 
gland. The papillose surface of its two stigmas requires 
strong magnification in order to be seen. The ovules 
are arranged in two ranks on the ovary wall. (Figs. 369- 
373.) Although the above flowers are so simple we find 
ample provision made to ensure the visits of bees to both 
kinds of flowers. 

(c) Poplar. — (Figs. 377-381.) The female catkin resembles 
that of willow except that there is no honey gland. 
The pollen is blown to the stigmas by the wind. It 
should be noticed how the stamens of the male catkin 
hang vertically from the scale. (Fig. 380.) They arc 
attached by very slender stalks and are easily moved 
by the wind. 

{(I) Hazel, — (Figs. 382-385.) This differs from willow in 
that both kinds of catkins are found on the same tree ; 
in fact, they are generally to bo seen on the same 
branch. The male catkins are the more evident. They 
are long and pendulous, and are generally borne in 
pairs on the stcun. (Fig. 382.) Within eacli scale there 
are two flowers of four stamens each. The female 
catkins look like buds. They can only be recognised 
from buds when the female flowers lying within i>ush 
out their stigmas as a tiny scarlet bunch at the tip. 
(Fig. 381.) The female flowers are borne in. pairs 
within each scale. Each possesses two long stigiiias. 
(Fig. 385.) 

(e) Oak. — (Figs. 386-388.) The male catkins of oak are long 
threads hanging vertically from the tips of the branches. 
At intervals along these threads small groups of stamens 
represent the male flowers. (Fig. 386.) The female 
flowers are harder to find. They are produced in groups 

Grass (Figs. 389-392), 

Fig. 389.— Foxtail Grass in Male Flowering stagey with projeetlng siamens. 

Fig, 390.— One Stamen enlarged. 

Fig. 391.— Meadow Grass in Female Flowering stage. 

Fig. 392.— Two Female Flotoers enlarged, Inner Seales; ( 04 io.) Oatev 

Scales; (si.) Stigmas ; (ov.) Ovary. 

Sycamore {Figs, 393^396). 

jFig. 393.— Flower i/n Male stage. 

Figs, 394—396.— Upgrowth of stigmoM aTid development of the Fruit 
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of two or three on a stalk projecting from the angle 
of young leaves near the tip of the stem. (Fig. 387.) 
Each female flower consist of an ovary with three 
stigmas. A close investment of many small leaves 
clothes the lower half of the ovary. (Fig. 388.) 

In connection with British trees, bearing wind pollinated 
catkins, the student should note : — 

A largo amount of pollen is produced ; 

{!i) The pollen is protected from damp ; 

(r) The pollen is readily accessible to the wind; 

(f/) The stigmas project strongly from the female flowers ; 

(c) The time of flowering is before that of leaf expansion. 

(li) Simple Bisexual Flowers. 

( i ) CoMM^ON Grasses. — (Figs. 389-392.) These figures show 
the flowering of grasses in (1) male, (2) female stages. 
When both stamens and ovary are borne in the same 
flower, it very frequently occurs that they are ripe at 
different times ; thus self pollination is an impossibility. 

lu the ordinary grass flower we have throe stamens 
and an ovary. There are no leaf-like parts to the 
flower ; the scales by which it is invested are borne on 
the stem. In the male stage the stamens hang out on 
slender stalks freely exposed to the wind. They are 
s])ecially constructed in order to dangle with the 
slightest breath of air. (See Figs. 389, 390 for the 
attachment of the stalks.) In the female stage, two 
feathery stigmas push their w^ay out fronx the scales, 
and are thus in an admirable position to catch the wind- 
blown pollen. (Fig. 392.) 

{h) Sycamore. — (Figs. 393-396.) The flowers hang down in 
long stalked clusters. In the bud stage each has a 
greon investment, which is seen in the open flowers as 
live small leai-like parts. Within these are about a 
dozen stamens, and the forked stigma grows out later 
from the centre of these. 

Here wc have a bisexual flower protected in the 
young stage by loaf-like parts. This investment we 
call the perianth. This is the first flower we have 
taken where it can easily be seen ; the previous flowers 
have either been quite naked or have had such a tiny 
perianth that it was negligible. 

(c) Marsh Marigoij).— (Figs. 402-406.) This is the large 
golden kingcup or water-blob of our brook sides. 
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Examined in the bud stage it presents a similar appear- 
ance to the sycamore flower bud, but is much larger. 

The open flower, however, presents a far different 
appearance. Its green protecting leaves have now 
expanded and turned a brilliant golden yellow in order 
that insects may be attracted. This is an interesting 
case of a primarily protective organ performing an 
attractive function later. (Figs. 402-404.) 

The willow flowers gave us an example of insect 
attraction by honey, this flower shows insect attraction 
by colour. 



Buttercup {Figs. 307—401). 

Fig. 397.— Side view of Flower, ahowiiiR sepals (».) and petals (p.). 

Fig. 398. — Petals and Sei>als removed, to show Btaniena («f.) and Carpels (c ). 

Fig. 399.—Tlie Ovary made of tminy Carpels. 

Fig. 400.— The Fruit of many ** Nuts." 

Fig. 401. — A Petal from within, {h.g.) Honey Gland. 

Marsh Mabiooud {Figs. 402— 403). 

Fig. 402.— Bud enveloped by Sepals. 

Fig. 403. — The. Ovary of about twelve Carpels. 

Fig. 404.— Open Flower, showing sepals, stamens and carpels. 

Fig. 40S.—The podrlike Fruits. 

Fig. 406.— Flower and Bud. Note the two functions of the calyx. 

(d) Buttercups. — (Figs, 397-401.) Here is a further degree 
of complexity. The bud has green protecting leaves 
as in sycamore and marsh marigold, but when the 
flower opens, another circle of leaf-like organs grows out. 
These (the petals) are of a bright yellow, and if one be 
separated from the flower and examined, a small hone} 
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gland of greonisli yellow colour is found near tlie base 
of the inner side. (Fig. 401.) 

The perianth or leaf -like part of the flower thus 
presents two distinct regions : — 

(1) The outer green protective part (the calyx) ; 

(2) The inner yellow attractive part (the corolla), 

within these we find many stamens and, cen- 
trally, very many small carpels. (Figs. 397-399.) 

We will now synopsise the four regions found in 
this and in thousands of more complex flowers. 


(1) The Perianth i 

Calyx (of green sepals) ... 
Corolla (of coloured petals) 

(2) The Stamens 

(3) The Ovary of carpels 


Protective 

Attractive. 

Pollen 

producing. 

Seed 

producing. 


SUMMABY. 

Heproduotion. 

(i.) Vegetative. — By separation of large portions of the 
parent gives the offspring a good start in life. 

(ii.) Sexual, — By formation of a seed produces a compact 
plant which can he transported some distance. 

Sexual Process. — The union of two sexual cells. 

It results in the formation of a vigorous young 
organism. 

Flowers are organs producing the sexual cells. 

Sexual Cells in Flowers. 

(i.) Male. — Pollen grains — enclosed in stamens at first. 

(ii.) Female, — Egg colls — enclosed in ovules — these in carpels 

Ovary.— A chamber formed by the folded carpel or combined 
carpels. 

Parts of the Ovary. 

(a) The chamber— containing the ovules. 

(b) The style — presenting the stigma. 

(c) The stigma — receiving the polleu grains. 

Pollination. — Transference of pollen to stigma. 

Fertilization. — Fusion of male and female cells in the ovule. 

Two Kinds of Pollination.— Self and cross. 

Cross pollination is advantageous since healthier off- 
spring produced. 
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'Simple Flowers. 

(i.) May be of one sex only, e.rf. willow, oak and other 
catkin-bearing trees, perianth frequently absent. 

(ii.) Both sexes may be present in a naked flower, e.g, 
grasses. 

(iii.) Both sexes present within a green perianth, «.p. 
sycamore. 

(iv.) Both sexes present within a coloured perianth, e.g* 
kingcup. 

(v.) Both sexes present within a perianth of two kinds (calyx 
and corolla), e.g, buttercup. 

The Four Organs Present in most Flowers. 

(i.) Sepals (calyx) for protection. 

(ii.) Petals (corolla) for attraction. 

(iii.) Stamens for pollen production. 

(iv.) Carpels (ovary or pistil) for seed production. 

PRACTICAL. 

1. Examine as many simple flowers as possible. Name the parte. 

2. Give detailed drawings of a lily stamen. 

3. Construct paper models of different kinds of ovaries. 

4. Open a flower bud, carefully cut away the stamens, cover the 

bud with a paper bag, and note results. 

5. Deal similarly with another flower, but remove the ovary instead 

of the stamens. 

C. Cover a young shepherd’s purse plant with a bell jar (or tie a 
paper bag over its young flowering stalk). 

Does it produce seeds? Does the plant use cross or self 
pollination ? 

7. Treat a flower pot of clover in a similar way. Are the results 

the game as in experiment 0 ? 

Wbat do you infer from your results ? 

8. Carry out experiments to ascertain whether cross pollination 

is a necessity to the following plants : — Mignonette, sun- 
flower, bean, wallflower, laburnum, garden geranium, willow, 
lupin, gorse, sycamore, buttercup. 

I). Germinate pollen grains in weak sugar solutions and examine 
their pollen tubes under the microscope. 
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In Chapter XVI. a few typically simple flowers were 
described with a view to illustrating : — 

(a) Naked flowers of one sex ; 

(h) Bisexual flowers with distinct calyx and corolla. 

Our present object is to discuss in some detail with refer- 
ence to more highly organised exain]des, the intimate relation 
which exists between flowers and insects. Since many flowers 
cater for the visits of particular intelligent insects possessing 
long tongues, and have a structure expressly adapting them to 
these insects, it will be w^ell at the outset to briefly consider 
the lengths of insects’ tongues. 

The following table is condensed from Willis* “Flowering 
Plants and Ferns.” 

1. Lengths of Insects* Tongues:— 


Class. 

Kind op Insect. 

Length op Tongue. 

1 

(A) Shortrtongued ‘ 

(1) Bhort-tongued flies (such 

Less than 4 mm. 

Croup. 

as dung dies and small 
bluebottles). 

in length. 


(2) Beetles (especially the 
small bronze- black 

Always less than 6 
mm. {soinotimog 


beetle). 

only half this 
length). 


(3) Small bees, butterflies | 

Less than 6 mm. 


and moths. 
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Glabs. 

Kind or Iksbct. 

Length or Tongub. 

-<B) Long-tongued 
Group. 

(1) Long-tongned flies (par- 
ticularly the “hover 
flies "). 

From 4 to 12 mm. 


(2) Larger bees (Hive and 
Humble bees). 

Always longer than 
6 mm. 


(3) Larger butterflies and 
moths. 

•» 


(4) The hawk moths. 

Some other moths even 
have tongues of 

80 mm. 

300 mm. length. 


One of the most interestinji^ structures that complex flowers 
show is a tube whose length seiwes to keep short-tougued 
insects away from the nectar, whilst the longer-tongued 
insects are easily able to reach it. Our first few examples will 
exemplify how flowers form such a tube in a variety of ways. 

2. Wallflower or Stock.-“*(Fig8. 407-417.) In thoso 
flowers the four green 8ei)al8 stand upright, thus niakinj^ a tube 
which effectually conceals the honey, the glands of which are 
developed deep down in the flower at the base of two short 
stamens. 

The heads of the stamens (six in all) lie just at the mouth 
of the tube in an ideal position for dusting with pollen the 
head and ujjper thoracic region of a bee whilst groping for the 
lioney which lies deep down in the flower. The bee docs not 
enter the flower, it merely protrudes its tongue (or proboscis) 
into the tube. The stigmas lie close at the mouth of the tube 
also, and after pollination and fertilization have ocourrc‘d, th(» 
ovary grows uj) into the young fruit which is shown developing 
in Pig. 416. 

3. Garden Pink. — (Figs. 418-424.) Here another con* 
trivance is seem. The calyx, seen as a close investment round 
the flower bud in Fig. 418, remains as a tube holding all the 
inner parts of the flower in position. On cutting away the 
tube of combined sepals all the parts fall outward, as in 
Pig. 420. There are five fringed petals, ton stamens and a 
central ovary made of two carpels, as indicated by the ju’osenco 
of the tw'O stigmas. Inside the ovary, a central mass of ovules 
covers a rod running through the middle of the chamber. 
(Figs. 422-424.) 

As in the wallflower, the honey is produced at the bases of 
the stamens; also here we have three attractions: — honey, 
colour, and scent. The figures also show that the stamens have 
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Wallflower {Figs. 407—410). 

Fig. i(77.—Oomplete Flower. Fig. dOS.—The Stamens. 

Fig. 409.— The Ovary. Fig. 410.— The Fniit. 

(s.) Sepalj [p.) Petal; (IMa.) Long Stamen; (s.sta.) Short Stamen; (h.g.) 
Honey Gland ; (sf .) Stigma ; (on.) Ovary ; (/.) Fruio. 

Stock {Figs, 411—417). 

Fig. 411.— The Fruit complete. 

Fio. 41^.— The same with part of the Ovary-wall removed, {a.p.) Skinny 
Partition; (*c.) Seeds. 

Fig. 41 .^.— Fruit with both sideioails removed, showing seeds attached to 
both sides of the membrane. 
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their pollen ready before the stigmas have expanded to receive 
it. A later stage of the flower with expanded stigmas is given 
in Fig. 418. 

4. The Hollyhock. — (Figs. 425, 426.) The hollyhock 
offers colour and nectar attraction, but it forms its tube by 
combining all the stalks of its stamens. Here again the pollen 
IS ripe before the stigmas are receptive. The latter grow up 
into a brush-like mass after the stamens have withered. 
(Fig. 426.) 

6 . Sweet Pea,— (Figs. 427-433.) This is another flower 
which combines its stamens into a honey-concealing tube. 
Its mechanism is so interesting that it merits a few lines of 
explanation. 

The five petals differ much from one another in size and 
shape. One large petal (the standard) gives a conspiouousness 
to the whole flower by standing erect at the back. Two 
smaller petals (the wings) afford convenient landing placc‘S 
for the bee that grasps them both in alighting. It must be 
romembcred that the bee is a comparatively heavy insect, and 
the weight of his body is sufficient to depress these two side 
petals. The wings have projections on ^heir inner sides, which 
fit into corresponding depressions in the two lowermost 
]»etals (the kool), so that when the wings are depressed by the 
bee, so also is the keel. The keel is very aptly named, for it 
exactly resembles the keel of a boat. Its contents can bo well 
seen in Fig. 430. 

There are nine stamens combined into a tube and one stamen 
loft free above. (Figs. 430, 431.) Two small holes are left 
at the junction of this stamen with the others, and an insect 
is only able to reach the lioney by inserting his tongue through 
these holes. The stigma of the flower is found projecting 
from the midst of the stamens. It has grown up from the 
ovary which lies within the stamen tube. It should be 
particularly noted from Figs. 429 and 430 that the stamens 
and stigma lie just within the tip of the keel. 

Fig. 414. — Complete Flower. 

Fig. 41.5.— Same from the aide, feo show pouched sepals (p.s.). 

Fig. 416. — Withering Flower with S^velojjingFrutU 
Fig, 417 . — A. single Fetal detached from the Flower. 

Garden Pink {Figs, 

Fifj. 418.— Flower and Floxver Bud.. Fig, 419.— A single Petal. 

Fig. 430. — Open Mower with Sepals removed. 

Fig. 431.— Same after Petals have been removed. 

Fig, 422 — The Ovary in cross section. 

Fip. 423.— General view of the Ovary. 

Fig. 434.— The Ovary in longitudinal section. Note the ovules clothing a 
rod running centrally through the Ovary. 
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Hollyhock {Figs. 425, 426.) 

Fig. 425. — Bud Stage of Flower cut open. The stamens are seen as a 
massive head. Their stalks are combined into a tube. 

Fig. 426.~Older Flower, treated similarly to show the withered stamens 
{w.st.) and the projecting stigmas {st.) beyond them. 

Sweet Pea {Figs. 427-^433). 

Fig. 427.--Front view of Flower. Fig, 428.— Side view. 

(«.) Standard; (w.) Wings; (fe.) Keel. 

Fig. 429.— The Keel seen sideways. N.B.~The depression (d.) into which 
the wing fits. 

Fig. 430. — The Keel removed to show Stamen Tube {sta. i.), with the stigma 
projecting beyond the stamens. N.B.— The free upper stamen. 

Fig. 431. — The same viewed from above. Note the hole (h.) at the base of 
the free stamen— the only path to the honey lying within tlie base of the 
stamen tube. 

Figs. 432, 433.— Two withering Flowers, with developing pods or fruits </.); 
{w.p.) Withered Petals. 


oahtbbbubt bxli*. 
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We are now in a position to investigate the mechanism of 
the flower. 

The^ T^e alights on the wings and presses them down by 
body. This, in turn, causes the dejwssion 
of the keel by the interlocking connection of the parts. T}»e 
sUgma is thus imoovered and rubs against the lower surface of 
the bee s abdomen. With further depression tlio stamens 
©merge and deposit pollen upon his abdominal region. 

Certain growers of sweet peas report that self-pollination 
often occurs in the flowers, notwithstanding their complcNi 
mechanism for cross-pollination. 

The student is strongly advised to investigate the flow<*r 
mechanism of Gorse, Lupin, Broom and Broad Bean. The 
best way to do this is first to watch the insects visiting the 
flowers, then afterwards to examine the floral structures. 

6. Ganterbupy Bell. — (Figs. 434-438). This flower forms 
a tube by combining its petals into the familiar purple or white 
boll. A strange fact about bees is that they are especially 
attracted by, or **have a weakness for,” blue and kindred 
colours. Any bluish or purple “boll” flower maybe sot 
down almost at once as a “bee flower.” The size of the 
Ca.nterbury bell fits it for bees. The student would probably 
think that it is much too large. This is not so ; for the bee 
actually enters the flowers and if he be watched on enteiing he 
w'ill be found to touch the stigmas as he does so. There is just 
enough space for him to pass into the flower by so doing. 
(Pig. 437.) The stamens are ripe first in this flower and the 
pollen falls into the base of the bell w’here the honey is hidden. 
The bee becomes dusted with the pollen whilst gradually 
“working” round the base of the coi’olla to abstract the 
honey. The bells may be frequently found with holes pierced 
through them near their base. This is due to humble bees, 
who thus frequently rob flowers of their honey. {See aim 
under Columbine.) 

^ The ovary is completely embedded in the flower stalk in 
this flower. We shall find numerous examples of this in the 

Cantebbdbt Bem. {Figs. 434--4,38). 

Fig. Flower in Bud Stage. 

F^. 435.— ‘Same in Longitudinal Section. 

Ftg. 436.— ‘Same with Fetala removed. Fig. 437.— Open Flower. 

Fig. 438.— Same with part of Oorolla cut away, (p.) petals ; (sta.) Stamens 
iwMa.) Withered Stamens; (nv.) Ovary. Note how the stamens are ripe ia 
the bud stage, and how they are withered when the stigmas are unfolded 
Cherby {Figs, 439—443). 

Fifla, 439t 440.— Flowers in aide view. 

F^, 441.—Flcnoer with three of the Petals removed. 

Fia. 44^.— Flower cut down lengthways, if, a. the cup-shaped Flower 
Stalk ; Inside which is the ovary (or.), and on whose rim are the stamena 
petals (p.). and sepals (a). 
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study of complex dowers. The phenomenon is thought to 
have partially arisen by flowers making a “ tube ” of their 
flower stalk and so gradually enclosing the carpels. 

7, Cherry.- (Figs. 439-442.) The cherry is a very good 
example of the above. The honey is secreted at the base of 
the ovary, but to conceal it the flower stalk has been devolojred 
as a tube or cup bearing the sepals, petals and stamens on 
its rim. (Fig. 442.) 

From these examples it is clear that tubes are frequently 
produced byflowers, and also that they may utilise almost any 
part — sepals, petals, stamens, or flower stalk — for this j)urpose. 

8. Tobacco and Honeysuckle.— -These two are grouped 
together because they agree in the following characteristics ; — 

(a) They first open in the dusk of evening. 

(h) They vary in colour from white to pale pink or yeUow'. 

(c) They smell most strongly at night. 

(d) They have very long tubular corollas. 

Tobacco closes its petals in the day-time. 

The above characteristics form very clear indications that 
these two flowers are specially adapted to pollination by the 
agency of large night-flying moths. 

9. Columbine, Larkspur and Monkshood.— (Figs. 443- 
459.) Those flow'ers are grouped together because they agree 
ill that all their parts are separate from one another, their 
caly(!cs are coloured, and their petals form nectaries. 

CoLTjAiiiiNE (Figs. 443-448) is jn’otected in the bud stage 
by greenish se})als, wdiich turn bluish or pink in the 
open flower. The x)etalH arc also of the same colour, but 
each of these takes the form of a tubular nectary. 
(Fig. 444.) Humble bees frequently bite through the 
walls to get at the honey. Sometimes, however, we 
find flowers which may suggest that the plant has 
“ endeavoured ” to circumvent them, for several tubular 
petals are placed ono within the other and a humble bee 
having bitteu merely through one tube gains no nectar 
for his pains. (Fig. 445.) 

XiARKSPUii. — (Figs. 449-455.) This has also five coloured 
sepals. The posterior one of these is prolonged back- 
wards into a tube. It has only four petals and these are 
small compared with the sepals. The two rear petals are 
prolonged backw^ards as long nectaries lying within the 
sepal tube. (Fig. 453.) This is a very ingenious way of 
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COLUMBINB {Figs, U.‘}—448), 

Fig. 443.— Opening Flower. Fig. 4U.—Open Flower, 

Note the tubular honoy-containiug petals. 

Fig. 44-^}.--Three Petals within one another. 

Fig. 440.— A Group of Fruits ^froduced from one Flower. 

Fig. 447.— Fruits cut across, to show arrangement of the ripening ovules. 
Fig. 448. — 0ns Fruit opened and flattened out, to show its ripening ovules. 

liABKSFUB {Figs. 449—455), 

Fig. 449.— Complete Flower from the side. Fig. 450.— From the front. 
Fig. 451. — From above sideways. Fig. 452.— With four Sepals removed. 

Fig. 453.— Alter removal of the Sepals. Fig. 454.— The Stamens. 

Fig. 455,— -The Ovary. Note the spurred sepal and the two spurred petals. 

Monkshood {Figs. 456—459), 

Fig. 456.— Flower from the side. Fig. 457.— From the front. 

Fig. 458.— Sepals removed, to show the two-stalked nectaries (the petals). 
Fig. 459.— Position of the Ovary, 
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hidinjf^ the honey. A glance at Figs. 450, 451 shows that 
only a very “ intelligent ** insect with a long tongue is 
able 

(a) To find the entrance to the tube, 

(5) To reach the honey drops lying at the base of the 
tube. 

The reader sliould note from the figures how the essential 
organs (stamens and carpels) are placed in order that 
they may come in contact with the under surface of the 
bee’s abdomen, and also how the front petals form a 
roof over the stamens to keep the pollen dry. 

Monkshood. — (Figs. 456-459.) We notice again a large 
coloured calyx, but here the corolla is represented by 
two strango-looking petals. They are stalked nectaries 
which lie closely under the curving hood. (Figs. 456-458.) 
The nectar is produced by the expanded ends of these 
two petals. The bee cannot reach the nectaries whilst 
on the wing; it must alight on the essential organs 
which are i)laced just at the right spot to be a most 
convenient landing place. 

10, Pansy and Yiolet.--(Fig8. 460-474.) These are two 
of the most “ ingeniously ” constructed British flowers. They 
}) 08 sess a “cunningly” contrived pollen box which the bee 
necessarily opens, and the insect is dusted with pollen whilst 
oblaining the nectar. A careful study of the figures is 
necessaj’y to get an idea of the structure of the flowers and 
their mechanism. 

In the i)an8y (Figs. 460-469) the petals are streaked with 
coloured lines radiating from the “ entrance ” to the flower. 
These lines, which are sometimes called “pathfinders” or “ honey 
guides,” aid the bee in its search for honey. The front petal is 
prolonged backw^ards into a tube or spur containing two pro- 
jections or nectaries, them selves parts of the stamens. (Fig. 4()3. > 
The stamens are five in number ; their heads lie close together, 
and each is prolonged forwards to aid in the formation of an 
orange-coloured membranous pollen box into w'hich the pollen 
falls as it is shed. The style runs through the middle of the 
box, and its stigma — a curious beaked head — ^lies beyond. 
(Fig. 464.) Study of the fiow^ers show^s that the stigma is the 
first part of the essential organs to be touched by the bee’s 
head. It thus receives pollen brought by the insect from 
another pansy flow^er. The i)osition of the receptive sticky 
surface is shown by the small depression in the stigma. 
(Fig. 465.) 

The bee pushes its proboscis into the x>etal tube and, whilst 
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Pansy {Figs, I6(h-i69). 

“Pig. 460. — Flower in front view. Fig. 461.— Flower viewed from behind. 

Fig. 462, — Front view when all 'petals but the front one are removed. 

Fig. 463.— Same from the side. Fig. 464.— Last Fetal removed. 

Fig. 463.—Stame7i8 removed. Fig. 466 — F rui t . 

Fig. 467.— Same in cross section. Fig. 46S.— Fruit bursting. 

Fig. 469. — Fruit withering and scattering the Seeds. 

Violet {Figs. 470—474), 

F ig. 470.—Ftower viewed from the side. 

F ig. 471.— Same with all Petals removed except the front one. 

Fig. 472.— Same with all Petals removed. 

Fig. 478,— Fig. 471 viewed obliquely from above. 

Fig. 474. — Ovary. 

Explanation of references Sepal; (p.) Petal; (s.p.) Spurred Petal; 
(sta.) Stamens; ip.b.) Pollen Box; (pro.Hta,) Staminal Projections; (»t.l 
Stigma; Shutter ; («ty.) Style; (ov.) Ovary; (f.) Fruit; (se.) 
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probing there for the honey, moves the two staminal projec- 
tions. This causes the lower part of the pollen box to be 
deranged and pollen consequently falls on the insect’s head. 
In withdrawing from the flower, the bee closes the small beak 
or stigma flap so that there is no possibility of pollen from 
the same flower reaching the stigma. 

The violet (Figs. 470-474) has precisely the same structure 
except that its receptive surface is front part of the hooked 
stigma. This is untouched by tlio bee in withdrawing from 
the flower. 

11. Dead Nettle. — This exceedingly common jdant 
exhibits the following noteworthy structures : — 

(a) The white-hooded j^etals protect the pollen from rain. 

4*74- A. 



'Fig. 474^.— Stbuctubb op thk Dead Nettle. 

(a) General view of a Flowering Shoot, Kings of flowers are borne just 
above each pair of leaves. 

(b) and (c) Flaiver 

((Z) Open Flower viewed from the side. N.B.— The stigma hanging down 
just under the hood of the petals. 

(e) Open Flower viewed from the front. Four stamens are seen within the 
hood and having the style between them. 

(/) Ovary of the Flower, consisting of four small nut-like parts, with style 
as a long thread and a forked stigma. 

(6) The smaller petals form a very convenient landing-place 
for the bee. 
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{c) The four stamous have stalks of two lengths, so that they 
all rub against the bee’s back as it bends over to dip 
into the flower, 

(d) The sfcigiiifi hangs down between the stamens, and so is 
the first essential organ to come in contact mth the boo. 

(e) The honey is produced at the base of the petal tube, 

(f) The lower part of the petal tube is closed by hairs, a 

formidable obstacle to the passage of small invsecfcs. 

(< 7 ) The plant economises its material by producing its 
stamens some distance up the petal tulx;. 

The last phenomenon is very widespread among these more 
highly dcvoloijed flowers. 

12. Comfrey and Snapdragon.— We group these two 
be(^ flowers together because they i^rotect the j)ollen very 
thoroughly from raiu. 

CoMFJiEY. — In comfrey (Figs. 480-483) there arc liv(< out- 
growths from the iietals which completely roof in the 
stain (3ns lying bolow. The style projects well out from 
th(j flower, but no insect can rencli the honey lying at the 
base of the tube unless it be strong (uiough to })ush 
aside the “segments” of the “ pollen box.’* ' 

This is an interesting case of the tendcmcy rigidly to 
exclude all intruders. 

SNAi’DiiAGON. — Figs. 475-479 afford us another example of 
this, but here the petals themselves form a strong box 
whose lid can only bo opened by a sti'ong insect. (Fig. 
475.) Tliese mechanisms in comfrey and snapdragon 
exclude all insect visitors sav(3 bees. 

13. Primrose (Figs. 484-48(>). — In this flower both the 
sepals and the petals arcj combined into tubes. The stanaais 
have cx(je(3diiigly sliort stalks, but this disadvantage is obviated 
by th(ur attacliinent to the corolla tub(‘, by wlji(3h contrivance 
they are phiced either half-way down thetubcj or at its mouth. 
(Figs. 485, 480.) On examination we find either a groiq) of 
stamfuis or a green sticky stigma occupying the entrance to 
the flower; those two arrangements have given rise to the 
erroneons rural idea that there Jire male and female primroses. 

Darwin, that iriost patient of investigators in Natural 
Science, subjected primroses to a long series of experiments, 
from which he drew the following most significant conclusion : 
“ If pollen be transferred from a long stamen to a long stigma, 
or from a short stamen to a short stigma, there are more seeds 
and healthier offspring jwoduced than those which result 
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Snapdragon {Figs. 415-^79). 

Fig< 475. -’General view of the Flower. 

Fia> 476.— The Flower pinned open, showing the position of stigma ani. 
stamens. 

Fig. 477.—BeAative positions of Stigma and Stamens, 

Fig. 478.— The Ovary. 

Fig. 479.— Ovary cut across, showing two chambers and many ovules. 
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transmission of pollen from a stamen to a stif^nia 
of different length.’* Since the former case involves cross- 
poUination, as will be seen by reference to Figs. 480, 480, 
it follows that this is more advantageous to the plant tlian 
self-pollination. 

14. Sunflower.— (Figs. 487-499.) This, our last example, 
js remarkable both for the economical way in which the plant 
utilises the material available for flower construction, and the 
certainty with which pollination is effected. To begin with, 
a sunflower is not a single flower, but a whole mass of flowers. 
Ine leaf-like parts surrounding the head of flowers render 
individual calyces unnecessary, and these Jirc practically absent — 
a sa^ng in material. Again, the individual flowtTs are vt‘ry 
small, and would be very inconspicuous were not the outer 
flowers possessed of long strai>-sha])ed corollas. Tiu^stJ himdrcHls 
ot small flowers gain a conspicuity which they would luck 
otherwise. A further advantage is that one insect visitor is 
able to pollinate a large number of flowers at a singles visit. 

liow to the structure of the individual flowta’s, wo 
find the ovary as a spherical mass low down in all the flowers, 
whether straj,)-shaped or not. The corolla sidings from this, and 
111 the central flowers it is a small tube with five small tecdli at 
its rim ; in the outer flow'crs it is a short tube very soon pro- 
longed into the yellow strap. (Fig. 487.) Young flowers in tlie 
bud stage occupy the centre of the flower head, and by examining 
1 ti turn flowers lying further from the contro we can trace the 
appearance and function of the essential organs. First tlie 
corolla bursts, and a black tube made of five combined stamen 
heads projects from it. The tip of this is soon seem (jovercid with 
yellow pollen dust. If we wipe away the pollen from a sclect(-‘d 
flower, We find on subsequent examination tijat it again has 
pollen at its tip. Evidently the pollen is being forced out. 


CoMraBY {Figs. 480—483). 

JFLg. 4S0.—C oiler Hon of Flowers. Kote all Btages of opening. 

Fig. Flower in detail. (N.B.— Tlie pollen box around the stylo.l 

Oo?*olfa spread mit to show the position and parts of the 
Follen Box. Imagine this flattened corolla curved into a tube and note 
now the five conical hairy projections form the hollow pollen box, which 
can be seen in Fig. 481. 

Fig. 483. — The Ovary, consisting of four nut-like parts. 

Pbtmbosk {Figs. 484—4%). 

Fig, i 8 i.’^Coni 2 >lete Flower. 

Figs. 48$, 4^6.— Two Flowers, with Fetal Tubes cut down, to show varying 
positions of stamens and stigmas. 

^»£7* 485.“-'Long Style and short Stamens. 

Fig. 48$. — Short Style and long Stamens. 

Most seeds (and most healthy offspring) are produced when pollen is trans- 
ferred from a stamen to a style of the same length. 



Sunflower {Figs. 487— 49S). 


Fig. 487.— Send oj Flowers cut through vertically, {rfl.) Kay Flowers; 
{,d.jl.) Disc Flowers. 

Figs. 488 — 493.— ‘Series of Disc Flowers^ to show the order of opening and 
the floral mechanism. 

Figs. 494-499.— A scries of longitudinal sections, at precisely the same 
stages. (All ovule can be seen in each ovary.) 
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As a matter of fact the style is gradually growing up in the 
centre of the flower and. acting like a piston, is forcing out the 
pollen little by little. 

This is, indeed, an ideal way of presenting the pollen so that 
it may be exposed to insect visitors for a long time. 

At last the style emerges from the stamen tube. It grows 
some distance and then luifolds its two stigmas. Really, tlie 
latter were at the tip of the style while it was pusliing out the 
pollen, but they were pressed close together lest any pollen 
should touch their inner receptive surfaces. (Fig. 497.) 



Plate I.— A Blaze of Bloom (Khododendronsj. 


The flower, with expanded stigmas, has now readied the 
female stage and is ready to receive jiollen. If the stigmas are 
not successful in having pollen placed ujion them they curl up 
<luring withering and so come in contact with the pollen which 
has been left at the tip of the stamen tube. (Fig. 493.) 

This is the best possible example of a flower catering for cross 
koUination, yet resorting to self pollination if necessary. 

It ahould be noted that no stamens will be found in the 
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strap flowers of the sunflower. This almost suggests that the 
“ strap ” has been developed at their expense. 

15. Wind verBus Insect Pollination.— By the use of 

either of these methods, cross pollination is attained, and wo 
have already seen that the latter is advantageous to the plant. 

The Plant has to Pay a Price for this Advantage. 
In wind pollination there is great waste of pollen, thousands, 
w'e may say millions, of pollen grains never reaching the 
stigmas. On the other hand the flowers can he small and 
iuconspicuous, the wind being a perfectly “ impartial ” agent. 

With insect pollination a great economy in pollen produc- 
tion is efl'ected, yet various expensive attractions must be 
provided to ensure insect visits. It will he well to tabulate 
here the characteristics of wind and insect poUinated flowers. 

Wind Pollinated FlowePB. Insect Pollinated Flowers. 


(a) Large or numerous stamens, 
(ft) Abundance of pollen. 

(c) Powdery pollen. 

(d) Protection of pollen from wet. 
(<-•) Freely projecting stamens. 

{f) Delicate stamen stalks. 

{g) Long stigmas. 

(k) Stigmas feathery or bushy. 

{j) Small flowers. 

(/£) No gaudy parts. 

( ^ ) No honey produced. 

(m) No scent produced. 

(n) Flowers produced before the 

unfolding of the leaves. 

(o) No tuhuiiir structures present. 

(p) 


Fewer stamens. 

Very little waste of pollen. 
Pollen frequently coheres in 
masses. 

Pollen usually protected. 
Stamens lie within the flower. 
Sturdy stamen stalks. 

Short stigmas usually. 

Stigmas frequently papillose. 
Long style often acts as the 
stigma-presenting organ. 
Flowers large as a rule. 
Attractive coloured petals. 
Hoiiey usually produced. 

Scent frequently produced. 
Flowers produced when insects 
are numerous. 

Tubes produced to fit flowers 
for particular insects. 

Many additional mechanisms. 


SUMMAEY. 

COMPLEX FLOWERS AND THEIR MECHANISMS. 

The Lengths of Tongue in Insects 

Short tongues— less than 6 mm. (small flies, beetles, bees and 
moths). 

Long tongues— greater than 6 mm. (large bees, moths and 
butterflies). 
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The Parts Forming the “ Tube*' in Flowers* 

Upright sepals, e g. Wallflower. 

Combined sepals, e.g. Pink, 

Combined petals, e.g, Canterbury Bell, Sunflower, etc. 

Combined stamens, e.g. Hollyhock, Pea, Bean, Laburnum, 
Clover. 

Flower stalk, e.g. Cherry, 

Special Mechanisms. Note the following 

SwKKT Pea — action of standard, wings, and keel. 

Canterbury Bell — width of entrance between petals and 
stigmas. 

Tobacco and Honeysuckle —Moth flowers. Colour— times 
of flowering and strong scent — length of t\ibe. 

Columbine, Larkspur, Monkshood— petals are the nectaries. 

Pansy and Violet — pathfinders— the pollen box— preven- 
tion of self pollination. 

Deadnettlb, Gomerby, Snapdragon — exclusion of intruding 
inseots. 

Primrose. — Different lengths of style and stamens. 

Sunflower — economies effected — piston- like mechanism of 
the style — long chance of cross-poUination, with a last chance 
of self-pollination. 

Characters of Wind and Insect-Pollinated Flowers— 

see Summary in Section 15. 


PRACTICAL. 


1. Dissect and sketch as many flowers as possible. 

2. Mentally reconstruct in detail an in8ect*fl visit to the flower you 

are examining. 

8. Measure the length of tube in the flower — Decide which visitors 
are catered for. 

4 . Study insects visiting garden and wild flowers. 

6. Time a bee in its flower visits. 

How long does it stay at one flower ? 

How many flowers does it visit per minute ? 

Does it visit flowers indiscriminately or docs it confine its 
attention to one particular kind of flower ? 

Give the reasons for what you observe. 

6. Keep a list of the flowers you study in garden or field, noting 
l3xe date, the number of visitors, the kinds of visitors. 
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Formation of Seeds and Fruit and their Dispersal. 


When the male cell has succeeded iu fusing with the egg cell 
of the ovule a great stimulus is thus given, with the result 
that the ovule devtdops iuto a seed and the ovary (or carpels) 
into the fruit wall or seed vessel. Seeds have been fully 
studied in an earlier chapter; but there remains for us to take 
a general survey of the carpel development and the various 
mechanisms of fruit and set^d dispersal. 

The seed itself ]iiay have its external coat modified into 
fiuffy or winged dispersal organs, but in the vast majority of 
cases it is the carpellary wall which undergoes tlie greatest 
modifications. Increase in size of the carjiels is a uniform 
accompaniment to their later development ; this is consequ(‘rit 
upon the ovules growing very much during transformation 
into seeds. The carpels may be modified in any one or several 
of tlie following ways 

(a) They may become membranous (e,g. apple) ; 

(J) Membranous within and juicy without (c.y. bean) ; 

(c) Woody, fleshy and membranous in their inner, middle 

and outer regions respectively (e.^i cherry) ; 

(d) Woody throughout [e,g, nuts) ; 

(^) Fleshy, with an outer skin {e.g, berries) ; 

(/) Hairy (e.y. geranium, clematis) ; 

[g) Winged (e.(/. sycamore) ; 

(/t) Brightly coloured [e.g. berries). 

The flower stalk frequently develops to form a juicy attrac- 
tive part of the fruit (rose, apple). Other parts of the flower 
may furnish fluffy dispersal contrivances (e.y. the calyx in 
dandelion and thistle). 
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1* Dispepsal of Seeds and Fruits* — Our previous cou* 
•sidorations of vegetable life have emphasised the facts tliat a 
plant, in order to have healthy vigorous liffe must be adequately 
supplied with ; 

(a) Water and mineral salts ; 

this presupposes a sufficient region of soil in which the 
roots may ramify, 

*h) Carbon dioxide, 

to be synthesised with water to form sugar, 

■(c) Light, 

in order that the above food elaboration may bo 
X)orformed. 

(d) Oxygen, 

for breathing purposes. 

Since the above conditions can best be attained wdien the 
})]ant is growdiig at some distance from others, it follows that a 
thorough dispersal of the seed is necessary. 

If all the seeds were to fall to the ground immediately 
beneath the parent, the natural consequence would bo that a 
numerous crop of unhealthy seedlings would be })roduced, for 
neither the ground nor the air would afford them sufficient 
sustenance. Hence it is of the utmost importance that a full 
X>ro vision should be made for scattering the young plants 
wdiilst still contained in the seeds. Many plants scatter their 
s(,!e<ls w'hilst the latter are still enclosed in the seed cases or 
fruits, but since the i)rinciplcs involved are largely the same in 
tlie two cases, seed and fruit dispersal wdll bo treated together 
in this chapter. It is sometimes hard to detonninc whether 
tlie seed is being disijcrscd alone or in its seed vessel (the fruit). 
The distinction wdll be clearly drawn in the examples quoted 
Ixdow, find drawings of the flowers from wliich the fniits have 
devtdoped will be given wfficrever such are deeintxl helpful. 

There is no i^art of Plant Biology wliich bfittcr illustrates 
the use of varied means to the same end than this question of 
seed dispersal, and the adoption of such various contrivances 
only emphasises how keenly jdants have struggled against one 
another in the com]}etition for light, air and soil. 

When once the idea has been grasped that plants seen to- 
day only exist because their ancestors successfully held their 
own against multitudinous competitors, the student has gone 
far towards understanding the main dispositions of vegetation 
into communities (Sec Chajiters xxi.-xxiii.). 

To aid the seed disiicrsal, plants generally utilize outside 
agents, such as wdnd, animals and water, 

14 




Some Wind-blown Seeds {Figs, 600—611), 

Fig, 500.— Poppy Capsule, (sf.) Radiating Stigmas forming eaves over the 
pores (p.) of the fruit (/.) ; (/.a.) Place of attachment of the other floral 
organs. 

Ffg 501.— Snapdragon. Group of capsules, each has three pores (p.) with 
fringed margins; {.^ty.) Withered Style. 

Foxglove Capsule {Figs. 602, 603). 

Fig. 602.—Vnripe Capsule. 

Fig. 503.— Burst Canute. The case bursts by two valves {v.) leaving a 
central membrane (c.p.)» which was a partition between the two ohauibera* 
of the ovary. 

PiMPEBNEL {Figs. 504—506). 

Fig. 5(hi.—Small Twig with Capsules. 

Fig. 60'>.—One unripe Spherical Fruit. 

Fig. 506.— The hurst co7tdUion, showing the seeds as a central mass. 
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2. Wind Dispersal . — For wind dispersal lightness is 
essential. This is often obtained by tlie extremely small size 
of the seeds. Many of the weeds which so persistently appear 
in our gardens are carried thither by the wind, and their 
successful transport is largely due to the smallness of their 
seeds. A very good experiment in this connection is to 
weed thoroughly a small plot of land and let it lie quite free 
for such visitors. One such small plot w^as found by the 
writer to be occupied hv over twenty different plants within 
two months, and some of the seeds wore traced to have travelled 
a considerable distance. 

Where the setds arc so very small, they are frequently so 
X>laced in the plant that they are only freed during a strong 
wind. 

.‘h Seeds Freed by a Strong Wind.— The poppy fruit 
(Fig. 500) is a very good example of this. The powdery mass 
of seeds enclosed in the seed vessel only escapf‘8 when the 
ui)right case is violently shaken by tht? wind. Note also b(a’o 
now the seeds are kept dry by the overhanging “ eaves ” of the 
fruit until they are dispersed. 

Similar considerations a])ply to the seed boxes of mullein, 
snapdragon (Fig. 501) and foxglove (Figs. 502-503). 

The little pimp(!rnel (Figs. 501-506) whoso scarlet flowers so 
•often brighten the gray stones of an old wall, cuts off the 
upper xjart of its globular fruit, as a homis] Clerical Ikl, whore- 
ui)on the seeds easily fall to the ground. (Fig. 500.) 

The plantain (Fig. 508) scatters its seed in a similar wfty, 
but these seldom fall to the ground near the ]>arent, for thc^y 
remain in the cujdike case until a stiff wind shakes the stuivly 
uj>right fruit stalk. 

Wallflower fruit (Fig. 509) first splits ii]) from the base in 
two long valves, leaving the seeds attaehed to a mtmibranous 
partition, until either they fsill or are blown away. The 
“ inirses ” of 8hex)herd’8 purser behave similarly. 

The hemlock and parsley (Figs. 510, 611) sjdit their car])ol8 
into one seeded portions, each of which remains attached to 
the plant by a slender thread. A rij )0 iiornlock head of fruits 
always shows these dangling in pairs ready for removal by the 


Plantain {Figs. 507, 508). 

Fig. fJ07.’--Long Spikp, of Fruitn. 

Fig. 508.— One Fruit bursting and showing the seeds loft within the cup. 
Fig. 509, — Wallflower. The fruit bursting upwards by two valves, leaving 
the seeds attached to the central partition. 

"Wild Parsley {Fige. 520, 522), 

Fig. SJO.—Jffends of Fruits. 

Fig, 521.— Details of the bursting of two Fruits. A slender strand fastens 
the dangling fruit until it Is blown away by the wind. 
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Explosive Seed-Pods (Fiffs. £i?, siT). 

Fiff. SIS.— Balsam. Fruiting Twig. The two lower capsules are just 
bursting. 

Fig. 513.— Lupin. The pod hurst and twisted. 

“Pabachutb" Seeds {Figs. 514— 5SS). 

Fig. 614. — A Single Dandelion Flower. Note that the sepals are merely 
represented by a few hairs (s). 

Fig. 616 .— One Farachtite Fruit. The hairs (h.) have been developed from 
the calyx. 

Fig. 616 .— Longitudinal section through a Dandelion dock ” or Head of 
Firnits. 

Fig. 617 —Single Fruit of Thistle. The hairy tuft (as edso in groundsel^ 
Fig. 618), has been developed from the calyx. 
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wind. Eacli fruit is a disc, whose flattened shape enables it 
to be carried much furtlier before it reaches the ground. 

The groups of tiny nuts produced by the doadnettle are 
similarly scattered. The white-hooded corolla of the flower 
withers and falls away. The four nuts remain at the bottom 
of the small calyx cup, until the plant is moved from its u])* 
right position, either by the wind or by some passing animal. 

Many plants having pod-like fruits scatter their seeds in a 
like fasliion. Thus, the fruit of larkspur, columbine and, marsh- 
marigold open down one side only. The seeds when ripe fall 
from their stalks into the bottom of the open i)od, and require 
a strong shako before being scattered. 

In the above-mentioned ]>hints the force of the wind 
carries the seeds to a moderatts distance irom the parent, but 
sometimes the latter itself provides a projmlsivo mechanism. 

4. Seeds Forced Away from the Plant,— -The viol(‘nt 
dispersal of the seeds of the common balsam will bo familiar 
to most readers. The fruit just on the point of bursting is 
shown in Fig. 012. Tlio bursting of the fruit and the flight of 
the seeds is so sudden tliat tlio eye cannot follow the latter in 
their movement. If you touch the tip of a ripe balsam fruit, 
there is a sharp report and instantaneously the fruit is 
em}>ty. 

Another plant whose fruit bursts violently is the gorso or 
furze. If you are in tlio neighbourhood of furze bushes on a 
hot summer daj^, you may hear again and again the shai’p 
crack of the pods and the rattling of the seeds, like a miniature 
artillery. 

The violet or pansy, on the other hand, fuimishos a good 
example of a fruit whose slow drying and shrivelling causes a 
forcible ejection of the seeds. When ripe, the pansy seed case 
bursts into three valves, and on the centre of each of these tlioni 
are some twenty or thirty seeds. (Fig. ^108.) If the fruit be 
kept under observatioTi it will be found slowly to assume tlie 
iippcaraiicc shown in Fig. 4(59. 

In the gradual drying of the valves the sides move upward?* 
and thus press against the seeds, the latter being “flirted” a 
distance of several yards in precisely the same way in which an 
orange pip may he shot from between the thumb and fingf'i 
tips. 
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If a gardener wislies to secure pansy seeds he must either 
cover the plants, or visit them at intervals in order to gather 
the fruits immediately after they have burst. The lupin 
exhibits a similar mechanism after the pods have burst, each of 
the two valves gradually curls into a spiral during the drying 
process. The seeds are jiressed upon in this way and are 
smartly forced away from the parent. (Fig. 513.) 

One of the strongest explosive mechanisms is found in the 
wood sorrel. In this plant the seeds themselves furnish the 
motive ])OW()r. Each seed is covered by an outer coat of a 
highly elastic nature. When ripe this elastic coat breaks 
away at one point, and its sudden contraction is so strong that 
it comidetcly turns th(i seed inside out. This force is sufficient 
both to break the seed case and to propel the seeds a con- 
si dcjrable distance. 

5. Seeds and Fruits of a Hairy Nature.— The feathery 
nature of many seeds (and fruits) is perhai)s the contrivance 
most familiar to every reader. The object of such hairiness is 
to 3n(5roas(* the l)Uoyancy of the seed (or fruit), so that it may 
be a logger time in failing to the ground, and consequently 
that it may come to rest at a greater distance from the 
paiuiit than it otherwise would have done. 

We will first deal with fruits scattered in this way. Iii 
dealing with such fruits as those of dandelion, groundsel, and 
thistle, it is necessary to bear in mind the structure of the flowers. 

It should be noted at the commencement that dandelion, 
daisy, groundsel, thistle, and all “ flowers ” of a similar nature, 
are not single flowers at all, but masses of flowers. Every 
yellow ‘‘strap” in the dandelion head is a separate flowt'r. 
Each contains petals, stamens, and an ovary. The only part 
missing is the calyx. Yet this is only api)arently missing, for 
it is represented by a few hairs just above the ovary. (Fig. 514. ) 
Note x>articularly the ovary and the hairs above. 

Wlum the flowers have been pollinated, the dandelion head 
closes up in order to protect the developing fruit lying within. 
If the dandelion happens to be an intruder on the lawn and 
frequent mowing has given it a stunted habit, its flower heads 
scarcely project from the ground level. 

On tbe ripening of the fruits, however, a rapid growth in 
length of the stalk takes place. The head is carried well up 
into the air, the leaves investing the fruits are lowered and the 
beautiful downy hall is fully exposed to the wind. The fruits 
are aggregated on a central stalk. From a central mass of 
fruits there radiate with pei-fect regularity numerous stiff 
threads, and each of these bears at its outer end a perfect 
“ wheel of down. (Fig. 516 and Photograph, i)age 281.) 
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We arc apt to despise the dandelion “clock/^ but it is 
really one of the daiutiest examples of symmetry furiuHhod 
by nature. 

Fig. 515 shows one isolated fruit. A comparison with tlio 
flower in Fig. 514 malnjs it quite clear that the whole of tlu' 
parachute mechanism has been developed from the few hairs 
which represent the calyx. 

The thistle and groundsel (Figs. 517, 518) furnish their 
fruits with hairs iu much the samo way : the main ditt\n*euce 
being that the tuft of hairs is borne directly on the tip of the 
fruit, and not carried aloft by a long thread as iu the dandelion. 
The garden geranium (Figs. 519-522) provides its fruits with a. 
hairy tuft in a far different way. On looking into the centrj! 
of the flower, five small stigmas can always be scieii on th<^ 
tip of the ovary. On ripening, five oue-soedod fruits curl \\\> 
from a central stalk. The inner part of the fruit is hairy and 
theso hairs are formed into a “wheel” by the upper region 
becoming a close si)iral. (Fig. 520 ct seq.) It is very instructive 
to compare the flower’s method of “ parachute ” formation with 
that of the dandelion, and to see how the same end is attainorl 
by different means. 

Tho clematis (old man’s beard or traveller’s joy) climbs 
through the hedges by ineaus of its leaf stalk tendrils, so thfit 
its woolly balls of fruits are well exposed to tho wind iu the 
autnmu. Each single fruit has a long hairy thread at its tip. 
This long structure has been produced from the style of the 
ovary. It makes the fruit exceedingly light. (Figs. 523-525.) 

The above jdants have hairy fruits. We will now consider 
hairy seeds. 

The fruits of willow and poplar were given in Figs. 374, 37(). 
Reference to these will show that the hairy mass comes from 
within the ripened carpels. Tho seeds are scattered by tht; 
wind, the seed vessels remaining attached to the parent for a 
much longer time. 

The willow herb (Figs. 526-529), a tall plant, whose ])iulf 
flowers brighten many a brook side, also produces fluffy masst^s 
of seeds. Each flower has a long ovary, so long in fact that it 
looks like the stalk of the flower. (Figs. 526, 527.) After the 
petals and other floral parts have fallen, tho ovary ofteu grow.^ 
until it reaches three inches or so iu length. Finally, it 
bursts into four narrow downward curling parts, and a ball 
down is freed. Each seed in this ball has a hairy tuft at its 
tip (Figs. 528, 529.) 

6. Winded Fruits.— Many familiar trees have winged 
fruits : one — the pine — ijroduces wiug(*d secids. The advantage 
from prolonging the fruit into a wing is the same as tba<- 
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accruing from its modification into a feathery structure, viz, 
an increased buoyancy, and, consequently, a germination more 
distant from the imrerit. 

Sycamore (Figs. 534, 535) gives a good example of a double 
winged fruit. When iij)e the two halves fall off separately, 



Clematis {Figs, 623—525), 

Fig, 623 .— Flowering Branch. A leafstalk tendril is shown at (Z.v.). Each 
flower has many petaloid stamens, with broad white stalks. 

Fig 62i.—A Flower in the Fruiting Stage. Each separate fruit \Fig. 525', 
has a long feather. This has been developed from the style of the carpel. 
vCompare the collection of fruits with those of buttercup, blackberry 
and strawberry.) 

Fig. 525.— An Isolated Fruit. 
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WiLiiOW Hkrb {Figs, 

Fig. SS6.— Flowering Twig, The apparent stalk (ov.) of the flower Is really 
the Ovary. 

Fig. SiJT.—The Flower in longitudinal section, {ov.) Ovary with numerous 
ovules. 

Fig. S-iS.—Two Flowers in Fruiting Stage, Hairy seeds are oscaning from 
the slender split capsules. 

Ftg, 539.— One Seed magnified to show its hairy tuft. 

Some Winged F«uit3 {Figs. 550—533). 

Fig. 630.— Elm Fruits. (/.) Fruit ; (w.) Wing. 

Fig. 631.— Ash Fruits. 

Fig. 532.— Lime Fruits, (f.) Nut-like Fruits; {1.) Leaf to which they are 
attached. 

Fig. 533.— Boric Fruits. The perianth enlarged to form the three winga 
which invest the small nut. 
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and the fruit stalks are left behind on the tree, where they 
may remain for two years or more. One pendulous cluster of 
•sycamore flowers will enable the student to see all stages in 
the development of the fruit and its wings, (Figs. 393-396.) 



Fig. 534.—FruiH7ig Branch. Each fruit has two wiiigB. 

Fig. SS'j.—Old Fruit Stalks left from 2 )reviouH year. 

Elm and ash fruits (Figs. 530, 531) differ from sycamore in 
that a single membranous expansion is produced. 

The birch (Figs. 536-538), itself the most graceful of our 
English trees, produces three delicate winged fruits within 
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each scale of its female cathins. The scales arc so closely 
packed together that the little ** butterfly ” fruits ani only 
released wheu the catkiu falls to pieces. Our specimen (Fig. 
shows all stages in the falling away of the catkin scales. 

Each small fruit bears a remarkable reseniblanco to a- 
butterfly : there are wings, body, and antennae, the “ wings 



Birch {Figs, S36—S.78). 

Fig. SSe.-^Fruiting Franch. Various stages In the disintegration of tlio 
catkin are seen (A.B.C.). 

Fig. 537.~^One Scale fallen from the Catkin. 

Fig. 538.— One of the three small Butterfly-ahaped Fruits which he upon 
each Scale. 

are outgrowths from the ovary (?.c. the “body’), whilst the 
“ antennae ” are the remains of the two stigmas. 

The hornbeam (Figs. 539, 540j scatters its nuts by partially 
enclosing them by the base of a large three lobed leat-like 
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scale. Nufc and scale fall off together. Young hornbeam 
plants may often be found growing ten to twenty yards from 
the parent. 

The lime (Fig. 532) scatters several fruits together by 
means of the leaf-like i)art to wliich their main stalk is 
attached. The little hard balls should bo cracked and their 
enclosed seeds carefully examined. They will each be found 
to contain a plantlet having two seed leaves, but this is em- 
bedded in a relatively large amount of extra nutriment. 
Contrast this with bean and acorn structure. 



Hornbeam (Figs. 539, 640). 

Fig. 539.— Fruiting Branch. 

Fig. 540.— Details of the Nuts and Scales. 

The dock (Fig. 533) has for its fruits small triangular 
nuts, which would fall vertically to the ground wtjre it not 
that the perianth persists and invests them w ich three pro- 
jecting wings. 

SUMMAr.Y. 

Fertilization results in the formation of a seed from the 
ovule and a fruit from the ovary. 

In seed development a young plant is produced from the egg 
cell, and the ovule coat develops into the seed coat. 
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In some cases the seed coat becomes hairy or winged. The 
ovary becomes greatly modified : it may grow into a hairy, skinny, 
fleshy, woody, coloured, or prickly structure. 

Necessity for Seed Dispersal. — To ensure sufficient 
light and raw food materials for the plantlets. 

Wind Dispersal. — Lightness is obtained by 

(а) Small seeds (e.g. poppy) ; 

(б) Flat fruits (e.f/, hemlocks, buttercups) ; 

(c) Winged fruits or seeds. 

The wing is : — 

1. The carpel wall {e.g. sycamore, birch, ash), 

2. The perianth {e.g. docks). 

3. Leaf-like parts (e.g. hornbeam, lime). 

4. Seed coat (e.g. pine). 

(d) Hairy fruits or seeds. 

The hairs are : — 

1. Calyx (e.g, dandelion). 

2. Stylo (e.g. clematis). 

3. Inner part of ovary (e.g. geranium). 

4. Seed coat (e.g. willow, poplar, willow herb). 

Strong Wind is Necessary in poppy, snapdragon and 
the other upright seed vessels. 

Explosive Mechanism in pansy, furze, balsam, woodsorrol. 

PRACTICAL. 

1. Examine, dissect and sketch as many fruits as possible. 

2. Measure the distances that young plants are found growing 

from their parents. 

3. Study the seeds and dispersal mechanisms of plants you find 

growing — 

(a) Between the stones of an old building ; 

(b) On the tops of decayed tree trunks still standing upright. 

Account for these plants occupying such positions. 

i. Gather as many wind scattered fruits as possible. Note the 
date of dispersal of each. Correlate the extent of wing 
with the intensity of winds generally prevalent at the 
particular season. 

6. Examine elm fruits for contained seeds. 

Can you account for their immature nature or complete 
absence ? 

6. Make a series of drawings to illustrate the development of 
the fruits from the flowers of geraniums, clematis and 
pansy. 
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Dispersal of Fruits and Seeds {Continued), 

1. Dispersal by Animals. — Plants cater for their fruit 
disj)crsal by animal agents in two main ways: (1) they cdtlier 
make the outer part of the fruit prickly so that animals may 
unwittingly carry it long distances attached to their bodies, 
or (2) the fruit is edible and made additionally attractive by size 
or by colour. In many plants large coloured, edible fruits are 
the rule, but usually special contrivances are devised to prevent 
the essential plantlets being consumed. 

2. Prickly Fruits. — ^Theso are uniformly inconspicuous 
both in size and colour. The Geum plant (Figs. 541-546) 
furnishes our first example. The garden species of this plant 
shows the structure much better than the wild one (the wood 
avens) , so the i)resent descri jition applies to the former. If the 
flowers be examined, a very close resemblance to a buttercup 
will be found ; 

The ovary, which like that of the buttercup consists of 
many separate carpels, is chiefly noteworthy because of the 
()ecuiiar shape of its styles and stigmas. Each style bears the 

Bukdook. (Figs. 547, 548). 

Fig. S47.-^Tfiree Fruits. Fig. aid.—One separate Fruit. 

The leaves investing the head of flowers form a booked coat to aid dispersal. 
AoaiMOUX (Figs, 649, 550). 

Fig. 649.— Spike of Fruit.8. Fig. 650.— One separate Fruit. 

Note how the burr hooks form a conical projecting region, and are in 
the best position for coming in contact with anima-ls. 

Oalvaby CnovBR {Figs. 651, 55:£). 

Fig. 051.—Tiie Fod in its naturally close coiled state. 

Fig. .‘)53.—The same opened out, to show the thorny development of the pod- 
wall. 

Fig. 559.— Cherry. Fruit in longitudinal section. 

I (».) Skin. 

Ovary wall (p.) Pulp. 

( (sf.) Stone. 

(s.c.) Seed Goat ; (se.) Seed. 
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Gsuu {Figs. 

Fig. Sil.-^Farly stage of the open Flower. Stamens only are seen In the 
centre of the flower. 

Fig. 64,ii.-~Later stage of flowering. The Btnmens form a wide ring, and the 
centre of the flower is occ^ied by the styles and stigmas of many carpels. 

Fig. HH.'— Early stage of Fruit development. Each style has a stigma 
almost at right angles to It 

Fig. 6U.---One such Carpel, (ov.) Ovary ; («f.) Rtigma ; (sty.) Style. 

Fig. C^S.-'-Bipe Fruit. Fig. SiS.—Ofie isolated, Fruit, 

Note the hook left bv the fallina of the stiff ma. 
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stigma projecting from it at a s]3ar2) angle. When the fmit 
is ripe the stigmas fall off and leave the stylo tipped with a 
sharp hook. (Figs. 543-545.) The fruits very easily separate- 
from one another and cling with great tenacity to the clothing, 
of human beings or the fur of animals. An interesting fact is 
that these prickly fruits, especially in the wild geums, lie very 
close to the ground and are thus i)laced in the most likely 
position for contact with animals. 

Another plant ivith piickly fruits is “cleavers,” w'hose 
slender stems and rings of leaves can be seen in most hedge- 
rows. The ripe fruit consists of two green balls covered with 
minute hooks, and these very easily become detached from the 
parent, A i)erson frequently brings home from an Autumn 
ramble specimens of this fruit attached to his clothing. The 
whole plant is covered with these recurved hooks. It is by 
means of these that it climbs through a hedge. 

Bo any other plants climb in this way ? 

The Bui’dock (Figs. 547, 548) invests its head of fruits 
with an external covering of sharply-hooked leaves. These 
leaves originally jierformed the same function for the flower 
head as those around dandelions and daisies. 

One of the most remarkable prickly fruits is that of the 
Calvary Clover. (Figs. 551, 552.) It is really a i)od resembling 
those of pea and bean, but it is very long compared with its 
width. Sharp spikes are borne on both margins of the pod, 
and the latter is closely coiled into a sjural. The fruit is thus 
a prickly ball, since the spikes interlock and the pod is 
completely invested by them. When pulled apart the fruit 
resembles a crown of thorns.. (Fig. 552.) In connection with 
tlie dispersal of the above fruits, consider how the following 
auimali may serve as agents : — 

(1) Cows — by their tails. 

(2) Horses — ^by their hairy fetlocks. 

(3) Rabbits — by their fur. 

(4) Human beings— by their clothing, 

3. Nuts. — These are frequently invested with an additional 
prickly covering. Which purpose do you think is the more 
subserved by this : — (1) the scattering of the fruits by animals, 
or (2) the protection of the unripe Suits from the attacks of 
squirrels ? 

In the formation of nuts the plant at first sight seems to 
have exposed its fruit to a real danger in that the edible part 
of the nut is the nutrition stored up for the growth of the next 
generation. Doubtless many nuts are destroyed : one has only 
to examine a handful of beech or hornbeam nuts gathered 
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oeneath the parent tree to leara the truth of this. In a 
aandful of about five hundred hornbeam nuts gathered from 
the ground in early December there were only fifteen con- 
taining seeds. All the remainder consisted of shells cleanly 
broken in halves with the seeds abstracted. 

What creatures were responsible for all this destruction ? 

The writer once found several young oak trees growing on 
the decayed top of a hornbeam trunk. How can their situa- 
tion be explained ? Two explanations are offered ; they may 
have been blown by the wind in an oblique direction from an 
oak near by, or they may have formed part of a squirrers 
forgotten hoard. In this particular instance probably the 
former is nearer the truth, but nuts are frequently dispersed 
by the latter method. Interesting nuts to study are the tiny 
ones of alder and dock, and the much larger ones of hazel, 
oak, beech and chestnut. If living in the neighbourhood of 
these trees the student should study the gradual development 
of the various investments and the parts from which they 
have arisen. 

4. Berpiea.—The scattering of nuts was seen to be largely 
accidental: there is nothing doubtful about the successful 
dispersal of berries, or more correctly, the seeds which they 
contain. 

We know the havoc wrought by thrushes among the 
currants. Their depredations only pay tribute to the plant's 
.successful devices in calling in their aid for the dispersal of 
its seeds. In berries there is the bright colour and sugary 
pulp to attract the birds, yet the plant ensures that its seeds 
shall be uninjured. Have you noted the smallness of the 
seeds in berries and the resistant nature of their seed coats ? 

These seeds are destined to travel the whole length of an 
animars digestive system. Their small size enables them to 
escape injury in the mouth region, in addition they withstand 
the digestive processes by virtue of their hard seed coats. 
Birds are very efficient seed carriers. Think of their speed of 
wing and the distance some birds will have travelled before the 
seed has passed through their digestive system. Why should 
so many berries be r^ ? Can you think of any other colour 
which would show up equally well against a green leafy back- 
ground ? 

(Beference will be made to the bloom frequently found on 
berries in tbe next section on Stone Fruits.) 

One berry, that of mistletoe, deserves special meirtion. Its 
pulp forms a very sticky mass. This is thought to be a 
contrivance expressly desired that birds, in endeavouring to 
get rid of the disagreeable mass, shall wipe the berry from 
their beaks upon the trunk of a tree. When we consider how 

15 
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the mistletoe lives as a parasite by sending roots into tree 
trunks to abstract the sap, we can underst^d how ^uch an 
action by birds would place the berries in a favourable 
position for germination. 

5. Stone Fruits.— These differ from berries in that the 
carpel ripens into three distinct regions, of which the inner- 
most is very woody. The cherry (Figs. 439-442, 663) is a 
p'ood example. The ovary lies as a green globular body with- 
m the cup-bke flower stalk. The whole frmt is developed from 
the ovary alone. On the tip of a ripe cherry there is always a 
scar showing the position occupied by the style. The coloured 
skin, the juicy pulp, and the stone are all developed from the 
carjiel. (The woody central region is absent in berries.) If 
wo crack a cherry stone (f‘.«. the innermost part of the fruit 
wail or seed vessel) we find the kernel invest^ with a brown 
membranous skin. The kernel is a seed, the brown covering 
is the seed coat. The two halves into which the kernel so 
easily splits are the seed leaves. Other stone fruits of identical 
structure are the sloe, plum, damson, and peach. (Fig. 563.) 
A s])ecial characteristic of stone fruits is their firmness to the 
touch. A ripe plum becomes a flabby mass if its external skin 
be removed. Tnere is the same tension here in the skin, and 
the same compression of the succulent cells that we found in 
the tissues of a soft elder stem. The sugar developed in the 
juicy part of a plum attracts much sap into the cells by 
osmosis, and the external skin of the fruit is put on the 
stretch. 

The student should note the relatively late proluction of 
sugar in fruits. Has the previous harsh acid flavour any 
protective function? 

The sap of fruits is especially liable to evaporation because 
of their exposed situations. We can explain the presence of 
“ bloom ” on fruits in this connection, for “bloom ” is really a 
thin film of waxy material rendering the external skin water- 
tight, and so reducing evaporation to a minimum. 

Will this bitter waxy skin protect the fruit at all? If 
so, from what insects ? 

Can you draw any parallel between the purpose subserved 
by Ihe “ bloom ” and that performed by the multitudes of oil 
glands which give such a “ pimpled ” appearance to the skin of 
an orange beny? One further point demands notice in the 
structure of some fruits, viz., the size of the stone. In berries 
the hard parts are small, in stone fruits very large. In 
the former case we have already seen why such small seeds 
were produced; in the latter they are made large in order 
that animals may drop them from their mouths. Blackberry 
and raspberry are really collections of small stone fruits. 
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althongh they are usually spoken of as berries. Each small 
black globe in a blackberry has in reality precisely the same 
structure as a plum or a cherry, the hard central part corres* 
ponding to the stone of a stone fruit, and like it, containing 
a seed. (Figs. 5o4->do6.) 

6. Frulta with Attractive Flower Stalk8.~-It will be 
well now to extend our previous definition of a fruit in order 
to include apples, pears, hips and strawberries. 

In our hitherto rather limited definition we have regardetl 
the fruit as the ripened ovary or carols. We shall see 
presently that the four fruits mentioned above gain their 
succulent attractive nature by a great growth of the flower 
stalk. Since these are fruits ** in the popular sense of the 
word, wo will enlarge our definition and say The fruit is all 
that persists of the flower after ripening.*^ 

The apple flower and fruit are shown in Figs. 557, 558. We 
saw previously in cherry that the flower stalk grows up and 
forms a tube around the ovary, although it takes no part in the 
formation of the fruit. 

In apple it develops much further. In this flower there 
are five carpels radiating out from one another. In reality 
they are quite separate, but the flower stalk invests them and 
grows in between them so that they appear a green mass with 
the styles projecting above. 

The great increase in size during the formation of the 
apple is due to the flower stalk growing and increasing in 
succulence. The five carpels may still be traced as a core of 
five cartilaginous chambers radiating from the centre of the 
cross section of the fruit and enclosing the pips (or seeds). 
Similar considerations apply to the pear flower and fruit. The 
succulence of a strawberry is obtained in a slightly different 
way. (Figs. 569-562.) The arrangement of the floral parts 
closely resembles that of a buttercup, the ovary consisting of 
numerous carpels quite free from one another. A close 
comparison of Figs. 654 and 562, showing longitudinal 
sections of flowers and fruit, makes clear that in the develoi>- 
ment of the latter the tiny nut-like carpels are widely separated 
by the greatly enlarged flower stalk which has grown up from 
the base of the flower. 

What animal agent, excluding man, is most largely 
responsible for the scattering of strawberry seeds P 

How do you account for the great difference in size 
between the fruits of wild and cultivated strawberries ? 

Manj strawberry plants are quite barren. Is there any 
connection between this and the vegetative reproduction of tlio 
plant by means of its ruxmers ? 
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Blaoebbbbt (Figs. 654-’S6€), 

Fig. SBi.’-^Flower in L.8. The ovary is composed of many separate carp^^e* 
Fig, SSS.’^Fruit Head composed of many small “ Stone Fruits,'* 

Fi^. SSe.’^Ons Stone Fruit in L.S, (Compare with L.a cherry, Fig, 663,) 

Applb (Figs, 557, 658), 

Fig, f^.^'Zomg FUmer, Bud Stage in Longitudinal Section. Note that 
the flower staUc (f.s.) does not, as yet, completely enclose the carpels (ov). 
Ovules can be seen in the carpels. 

Fig. 658.^Apple Fruit cut across. The flower stalk (f.s.) has developed to 
form all the juicy part. The carpels form the radiating horny core. The 
pips or seeds have oeen produced from ther ovules seen in Fig. 557, 

Staobb in thb DBVBI4OF&CENT OB THB Stbawberey {Figs, 659-^681), 
Fig. 664 fviU serve as a Longitudinal Section of the Strawberry Flower as 
weU as for Blackberry, 
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The rose (Pigs. 563-566) similarly ensures the dispersal of its 
seeds by rendering its flower stalk juicy and coloui’ed. In this 
flower the flower stalk is a tube on the sides of which a 
number of separate carpels are produced. A style arises from 
the tip of each carpel and the stigmas lie in a bunch just 
beyond the mouth of the tube. The other organs of the 
flower (sepals, petals and stamens) are all borne on the margin 
of the cup. They can be traced in the rose fruit (the hip) as a 
withered black mass situated apically. Several hairy fruits 
(i.e. ripened carpels) are found within the scarlet flower stalk 
of the hip. 

Do the hips fall off the rose trees ? 

How long can you trace them remaining on the plan^ ? 

Has the scarlet colour any connection with this, do you 
think ? 

A very plausible explanation has been adduced to account 
for the hairiness of the contained fruits. 

Country children often torment each other by inserting 
these hairy fruits inside their clothing at the nape of tho 
neck. The sensation thus produced is far from pleasant. The 
fruits are thought to irritate birds’ tongues in similar fashion, 
and as a result they are rejected instead of being swallowed. 

The haw or fruit of the hawthorn is like the nip in haying 
the withered remnants of the other floral parts at the tip of 
the sc|irlet flower stalk, and also in remaining attached to tho 
tree through the winter months. 

Is there any truth in the popular saying, that a plentiful 
supply of rose and hawthorn fruits denotes a hard winter ? 

You should test the truth or falsity of this by observa- 
tions carried on through several successive seasons. 

7. Dispersal by Water Agency.—Almost any Btrea.m 
will show light grass and other “seeds” floating on its 
surface. But the most remarkable forms of distribution 
by watfir agency are those afforded by cocoanuts aiid 
water-lilies. The former have been found floating miles 


Fifh 669.— The JPetals have fallen. Note the many stigmas protruding from 
the sepals. 

Fig. 660.— Later Stage. The flower stalk by its upward growth has brought 
the nut'like fruits more into view. 

Fig. 66L—Well advwnced stage. The flower stalk now is very large and has 
separated the tiny fruits. 

Fig, fi6'4>—Longituainal Section through a ripe Strawberry. 


WlLV Kosb (Figs, 66$—66S). 

Fig. 5$9 —Flower viewed from the side. if.s.) Flower Stalk. 

tig. 664^.— The same in section. N.B.— Many carpels iov.) in the flower stalls. 

F%g. 665.— The Sewrlet Fruit or Hip. 

Fig. 666.— The some in section showing hairy fruits Ot.f.). 
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out at sea; in fact» the presence of ooooanut palms on the 
Pacific islets can only be explained by water carriage of the 
nuts. 

Cocoanuts are specially fitted for this method of dispersal 
by their shiny waterproof coat and their thick fibrous air- 
containing region, which makes them buoyant. 

In the white w'ater-lilies the fruit sinks for ripening. This 
is the usual state of things in water plants, for they protect 
thoir developing fruits from water fowl in this w'ay. 

When ripe a slimy mass of seeds arises to the surface of 
the water. It does so because each seed is invested with a 
spongy air-containing coat. These spongy coats gradually 
become water-logged and the seeds sink, but this does not 
happen before they have travelled some distance from the 
Xjarent. 

In the yellow water-lilies the fruit breaks off from the 
plant and floats. The carpels are freed by the swelling and 
bursting of the outermost investing rind. Each carpel floats 
on the water because it is spongy and contains much aii\ 
Gradually this is expelled and the fruit sinks to the bottom of 
the pond. In some cases a floating carpel can bo found whose 
seeds fall from it as it is floating on the water. This 
successive dropping of seed after st'ed is au ideal method for 
X^roveutiug compotitiOu between the soedliugs for light and air. 

SUMMAKY. 

DISPBRSAL OF FRUITS AND SBBDS. 

1. Dispersal by Animala. 

(а) Prickly Fruits. — Small, inconspicuous, usually near the 

ground. 

(i.) Oeu?n , — Hooked styles. 

(ii.) Cleavers , — Whole carpellary surface covered with 
hooks. 

(jii.) Calvary CZorer.— Spiral pod, prickly along both 
margins. 

(iv.) Bardocit.— Fruits contained in prickly investment. 

(б) N UTS.— Accidentally scattered by animals— many destroyed. 

(c) Berries.— Brightly coloured— ovary wall juicy except the 
outermost skin. 

Small seeds with resistant seed coats in order to be 
uninjured by digestive juices. 

Mstte/oe.— Sticky nature aids attachment to tree 
tranks. 
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(d) Stone Fruits. — Coloured — ovary wall in three regions — 

skinny, fleshy, woody. The bloom on stone fruit proveuts 
evaporation of sap. The fruits are made Arm by elastic 
skin pressing on turgid cells lying within. Harsh taste 
prevents fruit being taken before the seeds have ripened. 

The large sise of the stone ensures that it shall not be 
swallowed. 

Blackberry and raspberry are really oolleotions of small 
stone fruits. 

(e) Pnurra with Attbactivb Flower Stalks.— D efinition 

of Fruii, The fruit is all that persists of the flower after 
fertilisation. 

(i.) Apple and Pear. — The core consists of the ripened 
carpels. All the pulp is a development of the flower 
stalk. 

(ii.) Rose. — Scarlet flower stalk envelops the hairy fruit. 

Hairiness ensures ejection from the bird's mouth, 
(iii.) Strawberry, — The ripened homy fruits are separated 
from each other by the greatly swollen flower stalk. 

2. Dispersal by Water. 

(i.) CocoANUTS travel miles by water. 

(ii.) Light Small Seeds carried by river currents. 

(iii.) Watrr Lilies have spongy contrivances to ena-ble their 
seeds to float. 

PRACTICAL. 

1. Trace the development of the hooks in Geum fruits. 

Make a series of drawings* of the ovary to illustrate this, 

2. Collect as many prickly fruits as possible. In the following 

summer visit the places where they were found and examine 
the flowers. Sketch the ovaries. 

3. Sketch all stages in the development of the investments of the 

hazel nut and acorn. 

4. Gather a variety of wild berries and classify them according to 

their respective colours. 

Make notes of the dates when they were (a) first and (6) last 
seen on the plants. 

5. Calculate what percentage of a plum's weight consists of 

(a) attractive, (b) protective, (c) seed tissue, 

6. Measure the circumference of a ripe plum as accurately as you 

can by means of a thread. Compare this with the length of 
a circular piece of skin removed from the plum. 

Explain your results. 

7. How many times is a cultivated apple (or damson) heavier than 

a crab apple (or sloe) ? 

8. Make a full list of plants from which you have gathered fruits 

covered with bloom. 



CHAPTER XX, 


The Plant and its Environment (I.). 


1. Introductory .—The infinite variety of plant suiTOimd* 
ingH or environment goes far to explain the equally varied 
external a|>pearance and internal structure of the plants 
themselves. 

In order to live in any particular situation a plant must 
necessarily possess structural characteristics enaWng it to 
obtain light, air and moisture satisfactorily under the con- 
ditions in which it is placed. 

The characteristics so i)08se8sed may have been handed 
down to the plant from its remote ancestors, or from com- 
paratively recent ancestors, or the plant itself may have 
produced them. Not that any sudden formation of an organ 
IS meant here, nor that there is any conscious foi’mation of an 
advantageous structure. 

If vire examine fifty plants of the same species we shall 
find that no two are exactly alike — they all present slight 
differences in structure: some stems slightly longer than 
others, some leaves longer or more deeply divided, some 
flowers with a slightly brighter colour or deeper tube, 
and so on. These differences, although so slight as to escape 
observation on a first examination, may have a far-reaching 
effect on the success of a plant and its progeny, for they help 
to fit the plant a little more perfectly for Ufe in its particular 
environment. Further, there is a tendency for the plant to 
transmit similar characters to its offspring. These in their 
turn may develop the particular structural points to a slightly 
greater degree, and so their offspring may possess the beneficia] 
characteristics in a still more pronounced degree. 

The main facts to be remembered from the above are • 

(а) That plant i)arts are variable. 

( б ) That the offspring tend to possess beneficial strocturee 

to a greater degree than the parents. 
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The student may ask: all the off^rin^ present 

these more pronounced characteristics ? '* Certainly not, 
but those in which they are lacking will be less fitted for their 
conditions of life, will be less successful, and in time will 
succumb under the stress of competition with their more 
fortunate rivals. 

It is only by perfecting their suitability for growth in a 
particular district that plants can be successful. We have 
spoken above as though the only competitors against which 



jplate ZI.~Thb Btauoqijr: fob Bxistbnos bbtwbsn 

AN3> HBMLOCK. 


X)lant has to struggle for light, air and moisture are the 
members of its own family. This is far fitum being the case. 
It may be largely so in a thickly sown cornfield, but not so 
under natural condHions, for hundreds of plants belonging to 
other families are all “striving their utmost** to gain a 
living, and perfecting themselves in the passive way mentioned 
above that they may do so. 

This imconscious antagonism or competition between plants 
is oarticularly keen. It results in plants being stamps out 
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of existence in a few generations if they do not possess 
variability suiG&cient to produce suitable structui'e. It explains 
the marked similarity in both the external and internal 
appearances of plants living under like conditions in the same 
regions. It is to be noted here that the reproductive organs 
are much less capable of adaptation to external surroundings 
than the vegetative organs; for instance, the majority of 
meadow plants will possess slender stems with narrow leaves, 
'Sut their flowers wiU present a much greater variety. Flora' 
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structures have been passed down through long age,., their 
characters are practically fixed, and they are not subjected to 
the necessity of being in agreement with nutritive conditions. It 
is by their root, loaves and stems that plants must fit themselves 
for lood manufacture under the conditions present. Since the 
leaf is so essentially a vital organ in this respect, it is a good 
thing for plant life that this particular part is extremely 
vari^le. 

Ko |3lant ia perfect^ fitted for life in its particular euvirbn- 
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ment ; but if it be sucoessftxl in dominantly occupying one 
te^ou against all competitors for many years its structure 
wul gradually approximate in perfect suitability. But it 
may not occupy the same position for a great length of time. 
Imagine one kind of plant inhabiting a considerable area. 
Very frequently the stress of competition may cause anniliila- 
tion of the plant in the central portion of the region occupied, 
and then those only on the fnnge of the tract will survive. 
Thur it is that plants move their situations. A very good 
example is seen on the vegetation found in (a) a meadow 
sloping down to (h) the marshy sides of (c) a pond (see 
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toilowing chapter for details]. We have in these three reasons 
terrestrial, amphibious, ana aquatic plants. If th^ plants 
growmg in the water be examined they will show some 
characters typically found in land plants and yet, in addition, 
other points of structure rendering possible their life in a 
watery medium. 

The marsh plants will present characters intermediate 
between those inhabiting the land and the water* 

These considerations make clear that the marsh i)lant8 are 
land plants which have been driven into the 8wamx> by the 
more successful terrestrial forms. The water plants have gone 
further : unable to hold their own in the marsh they nave 
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elaborated their structure still more in order to render an 
aquatic mode of life possible for them. 

This ceaseless struggle for light and air is silently going on 
all around us — on the roadside, in the hedgerow, on moun- 
tain, in valley, in pastures and in woods. 

“What luxuriance ! what a variety of vegetation ! ” we may 
exclaim on examining in detail the plant inhabitants of a 
meadow or a brook’s side. If the plants could speak, they 
would say, “ What overcrowding ! What an endless struggle 
for the bare necessities of life 1 " 

One of the most interesting studies is to take specimens of 
one particular plant found growing imder different conditions, 
and to see how both its external form and internal structure 
present differences which can be explained by considerations ot 
its varying habitats. 

The above remarks must not lead the student to expect that 
he will find any very great difference between the vegetation 
of one year and the next in a particular spot. Occasionally 
violent changes will take place in a neighbourhood, as, for 
instance, when the trees of a wood are felled, or when marsh 
land is drained artificially, but usually it is only by observa- 
tions carried on over many successive years that we cfcin trace 
the introduction of some new plant, the silent extermination of 
another, and the gradual increase in numerical importance of 
one plant at the expense of another. 

The plants of a particular neighbourhood form a “ working 
arrangement” or “agreement” among themselves, but such 
agreement is only temporary. The factors which determine 
this delicate balance of life are so numerous and varied that 
sometimes even the most careful observer is at a loss to account 
for what he sees. 

England is sadly behind in this particular branch of ex]^>en< 
mental work in Biology. Although splendid work has recently 
been accomplished, much remains to be done before we have 
the country's vegetation thoroughly investigated from the 
ecological point of view. (Plant ecology being that branch 
of Biology which investigates the intimate rdation existing 
between plants and their environments.) 

2. OoMlderaiiona of Lright and Aiir.— One of the 

factors producing the well-marked zones of vegetation which 
characterise tropical, temperate, and arctic countries is the 
duration and intenrity of light. In the tropics vegetation is 
subjected to about equal alternating periods of darkness and 
intense li^ht throughout the year. Contrast arctic regions 
with a “mght” of several months’ duration, followed by an 
equally long ‘ ‘ day.” Clearly, in the latter all vegetable life will 
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bo at a standstill during the period of darkness Plants must 
here hurry forward their nutritive and reproductive prooossos 



Fig, Typical Woodland SooUty, 

whilst the light lasts. In our own country it is interesting to 
see how plants share the available light between them. In 
woodlands we find an upper canopy of leaf smfaoe held out by 
the trees. These take the bulk of the light ; they do so 
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deservedly, because they have expended a vast amount of 
material in the production of woody branching stems. 

The amount of light they absorb is closely connected with 
the disposition of their branches, and the size and shape of 
their leaves. The character of the undergrowth largely depends 
on the closeness or otherwise of this leaf canopy above, 

A beech tree allows little light to filter through from 
above ; an oak, which has a more open canopy, allows the 
passage of much more light, and consequently we find a 
variety of shrubs and herbs growing beneath its branches ; a 
birch tree has a very open canopy, and allows very much light 
to fall on its more varied undergrowth. 

A typical harmonious society was noticed by the writer a 
short time ago. It may be represented diagrammatically, as in 
Fig. o67. ^ oak formed the uppermost rather open screen 
of foliage; below this was a hornbeam tree of moderate size ; 
below the hornbeam a holly shrub with a blackberry, whose 
straggling stems had succeeded in piercing the thick growth 
and spreading out their leaves just beyond the holly ; imme- 
diately below the holly was a collection of young hornbeam 
jdants a few months old, and oaks two years old; whilst 
towards the fringe of the ground shaded by the holly were 
bluebells and other bulbous plants, giving place on the outer 
side to grasses and other herbs. 

Leb us examine this association from the point of view of 
illumination. From the relative sizes attained by the hornbeam 
and the holly bush, neither oak nor hornbeam had stopped the 
passage of a large part of light. We note also that blackberry 
retains its leaves through a large part of the winter, and holly 
is quite evergreen, so these two ^ants would be able to avail 
themselves of the winter light falling between the bare oak 
and hornbeam stems. The paucity of herbaceous undergrowth 
is not surprisinff after what has been said above. An intense 
gloom is prevalent under holly bushes, for their leaves are 
thick and closely packed. 

The young oaks and hornbeams had gained their start in 
life, thanks to nutrition stored in the seeds, but it is very 
improbable they will be living three or four years hence. 

The bulbous plants make special provision for storage of 
nutriment, and their general habit fits them for life in shady 
positions. 

At what date does the bluebell (i.c. wild hyacinth) put forth 
its leaves ? 

There remain but the grasses and their companions 
(buttercup, stitchwort, etc.) to be considered. The grasses 
encroach^ most into the shaded region, but not far ; the other 
herbs stopped short as soon as the shade was appreciable. 
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How oan the relative illumination be determined with any 
flegree of exactness? We have used the following simple 
contrivance for the purpose, and it answers remarkaWy well. 
A glass microscope slide is fitted into a paper cover, in which 
an oblong window is cut. {A, Fig. 568.) A brown tinted 
paper is slipped in between the glass and the hack part of the 
cover, so that its tint can be seen through the glass (B)» 

A strip of photographic sensitive paper is next inserted 
immediately behind the glass and tinted shp. Its white colour 
shows strongly against the bi*own tinted paper (C)*. The 
apparatus is then exposed to the full sunlight, and the time 
taken by the sensitive strip to become the same colour as the 
brown is carefully noted in seconds. This serves as an index 
of the intensity of full sunlight. 



ABC 



ses. 


Fig. SeS.— Apparatus for determining the intensity of Illuminat.'on, For 
axplanation see Text. 

The sensitive paper is thou replaced by new, and the 
instrument is placed on the ground beneath a tree. The pap(,;r 
requires a considerably longer time to assume the brown tint. 
By comparison of the times required in the open and under 
the tree, we can find what percentage of the light has been 
absorbed by the latter. 

Simultaneous exposures in different parts of the region 
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being investi^ted, enable us to map out the light and shade 
areas in detail. 

The following are a few results so obtained : — 

0 ) 

(а) In the open. Time required, } minute. 

(б) Under young larches, with branches, lo feet from 

ground. 1 minute. 

(c) Under closely planted oaks, with trunks feet 

diameter and 3 yards apart from each other ; branches 
12 to 20 feet from ground. minutes. 

(d) Under birch. 4 minutes. 

(e) Under gorse (open specimen). B-minutes. 

(/) Under blackberry. 10 minutes. 

((j) Under oak, hawthorn, and blackberry. 20 minutes. 


(a) In the open. Time required, 1 minute. 

(b) Under a gorse bush. 10 minutes. 

(c) Under an oak tree. IJ minutes. 

(d) Under a holly bush. 30 minutes. 

Amount of 


(3) 

Time 

required. 

Light 

absorbed. 

(a) In open — fully exposed 

i min. 

— 

(b) Under birches (with trunks 

1 ft. diam.) 

IJ min. 

•8 

(c) Under hornbeams (seven trees 
in a circle of 40 ft. diam.) ... 

If miu. 

•86 

(d) Under oak (trunk 3 ft. diam., 
branches 7 ft. from ground) 

3 min. 

•92 

(e) Under blackberry (growing in 
open, with leaves lying but 

3 in. from ground) 

2| min. 

•91 

(/) Under a holly bush ... 

7 min. 

•96 

iy) Under hornbeam, holly, and 
blackberry (plants being 12 
ft., 1 ft., and 3 ft. respec- 
tively from the ground ... 

20 min. 

•99 


How Plants ShaM tlie Available Light.— Fig. d67 
shows us that in a woodland district shrubs avail themselves 
of the light unused by trees, and that herbs utilise some 
of the light which has escaped the absorbent action of both 
trees and shrubs. It is particularly instructive to note bow the 
wild climbing plants place their leaves on an equality with 
those of shrubs and even trees. 
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’ Thi 9 ir stems are long and slender, l^ing mudi too we^ t(> 
an, upriglit, position by their own strength, yet by 
modification of different parts into climbing organs they aro 
able to. hold out their leaves to the light. Ivy climbs up walls- 
and tree trunks by the aid of roots, which emerge from the 
stem and hold it firmly to the support by seeking out all the 
dark crevices. Clematis completely surmoxmts a hedge, by 
twisting its sensitive leaf stalks round the stems of the bushes. 
The hooked prickles on blackberry stems, leaf stalks, and leaf 
veins prevent the plant falling back once it has forced its way 
through a shrub. Similarly, the goose grass or cleavers holds 
itself upright, and grows straight through a thick hedge. The 
honeysuc^e, bryony, hop, and large white convolvulus are able 
to grow through and emerge from the top of a hedge or bush 
by means of their twining stems. The small convolvulus- 
similarly twines in a spiral up the upright stalks of wheat or 
other com crops. How little light it would receive if its 
slender stems remained flat on the ground 1 

Note. — In connection with this chapter the student should 
revise the branching of stems and the formation of leaf 
mosaics. (See Chapter xiii., Figs. 294-300.) 


SUMMARY. 

THB PLANT AND ITS BNYIRONMBNT (I.). 

Plants are fitted by their structure to live in the position in 
which they are found. 

The structure may be acquired or inherited from past or 
recent ancestors. 

Plants not possessing the required structure perish. 

Plants fit themselves for their environments by modifying 
their variable parts. 

Leaves and stems are the most variable parts. 

Competition between plants for light, air and moisture Is very 
keen — ** the weakest goes to the wall.’* 

Plants may be driven by competition to seek difierent homes 
and to live under difierent conditions. 

They can only do so by adapting themselves to their new 
habitats. 

liigyit and Air. 

Duration and intensity of light have much to do with the for- 
mation of zones of vegetation. 

In English woods, trees, shrubs and herbs share the light with 
one another. 



BFFEGX OF LIGHT. 


Clim>>er8 reach the light by developing sensitive climbing roots, 
sterns or leaf stalks. 

The Intensity of light under various trees, etc,, can be ascer- 
tained by the use of photographic printing-off paper, and estimations 
can be made to determine the percentage of incident light absorbed 
;by the leaves of any particular plant. 

PRACTICAL. 

1 . Make comparisons of the intensity of the light underneath oak, 
beech, birch and elm trees. 

'2. Study a hedgerow formation from the point of view of illumina- 
tion. Draw a sectional view showing the direction of the 
light and the amount each plant receives. 

8. Make a collection of leaf mosaics, 

L ^lake lists of the undergrowths found beneath different forest 
trees, correlate these with the thickness of the leaf canopy and 
the height of the lowest branches from the soil. 

8. Take a walk through a woodland region in winter, and make 
notes on the positions of all evergreens you find. 

*6. Contrast the intensity of light under a leafy tree and under the 
same in a leafless condition. 

7. Study the habits of wild climbers in situ, 

8. Try. to pull a blackberry stem backward through the bush it 

has surmounted. 
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1« Moisture. — ^This is as important to plant life as is the 
air. In previous chapters we have learnt how the air supplies 
oxygen for breathing and carbonic acid gas for food-making 
purposes. Water is also necessary for food production, since 
wato and carbon dioxide are essential in the synthesis of sugar. 
Further, it is vitally necessary in order that the protoplasm 
may live. It is also the vehicle for transmission of soluble raw 
food materials and elaborated foods. The chief factors in- 
fluencing the amount of water available are the rainfall, wind, 
contour of ^e land surface, character of the soil, and local 
geological formation. 

2. Its Gonditioui^ 

(a) Amount of Bainfall. —Not only the amount of rain- 
fall during a year, but also the seasons of the year at 
which the ram fi^s must be taken into account. For 
instance, in the tropics a period of torrential rain is 
followed by a dry season lasting many months. Plants 
inhabiting those regions must make provision for this. 
They must be able to endure this alternate soakmg 
and dessication without injury. They frequently shed 
their leaves during the ary season, but utilize this 
particular time of the year for their flower and seed 
production. 

In other parts of the tropics there are vast deserts 
where the oiuy plant inhabitants are those which can 
reduce to a minimum the amount of water they give 
off (See under “ Xerophytes,” page 248). 

In temperate regions more equable conditions ocouTr 



002n>ITI0NS AFSrSOTIHQ MOI8TURS. 


24 & 


there is not the alternate soaking and parching of the 
soil as in the tropics, and consequently we find plants 
oi different structure. 

(b) Wind. — The wind promotes transpiration from leaf sur- 
faces, and also exercises a drying action on the soil 
Other things being equal, plants exposed to winds must 
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economise their water expenditure by various means. 
Of course it gpreatly depends on the character of the 
region the wind hM traversed previously wither it 
w3l exerciiK) a drying action or not. Kotable instanoea 
are the east and south-west winds of our own cotmtry 
and the north-east and south-west monsoons of India. 



(c) Contour op the Liuso).— Slopes largely affect the drain, 
age of a region. This applies not o^y to the slope of 
the surface sod, but to that of the impervious rook lying 
below. Swamps are nearly always level CTound where 
the water cannot runoff. On mountain sides we usually 
find plants reducing the amount of water they give off*. 
We shall find a lime later that the coldness of the soil 
is another influence preventing plants from having a 
sufSoient water surmlv. 

{d) The Soil. — The vegetation oi a limestone or chalky 
re^on differs mark^y from that inhabiting a clayey 
soil, whilst a bare granite rook will be devoid of plant 
life except for a few crusty lichens. 

All soils differ widely in their inherent fertility, 
which is determined by the many and various causes 
discussed in Chapters xxiv. and xxv. of this book. 
The porosity of a soil is a most important factor in de- 
termining what plants shall grow there, for porosity 
modifles the water supply, and no plant can live in 
a dry soil if it does not reduce its water expenditure in 
some way or other. Again the geological composition 
of the subsoil determines to a great degree what mineral 
substances will be available for root absorption. If a 
young seedling be watered with salt solution it soon be- 
comes flaccid. This is the result of the osmotic action of 
the salt in withdrawing the watery sap from the soft 
cells of the roots. Thus a plant cannot live in a salty 
soil unless it reduces its wato expenditure considerably. 

Another factor influencinff the amount of water held 
by the soil is the amount of numus or deca3dng organic 
ffiatter present. This humus is mainly formed hrom 
fallen leaves, and the amount pr^nt in various soils 
is largely dependent on the rate at which the leaves 
* decay., some leaves, as those of pine and beech, decay 
slowly, whilst those or oak and elm do so more* rapidly. 
The more humus that is present in a soil mo^ water 
win it retain. The relatively small amount of humus in 
the soil under pines and bee&es partly accounts for the 
scantiness of the undergrowth beneath these trees. It 
wm be seen later that the htunus constituents of a soil 
supply important minerals, especially nitrates necessary 
for plant growth. Gardeners make use of this fact 
when they use leaf mould for^tting purposes. They 
also use it for its lightening effect on the soiL 

3 . Ciassifloatiosi of Manta mritli Baapaot to the 
Amount of Water AYalhibhle.---In thinking oi the amount 
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of water available for a plant we must not imagine that this is 
identical with the amount actually present in the soil. The 
roots may be prevented from absorbing the soil water by ^e 
•coldness of the soil or by the ]^8ence of salt or organic acids 
in it. In this section “available water** means the water 
which the plant is actually able to absorb. 

We may divide all green plants into three groups (Xero- 
phytes, Mesophytes, iSydrophytes), according as their available 
water supply is too little, sufficient or more than sufficient. 
The majority of our common plants belong to the middle 
group. Their mesophytic structure mainly consists of a good 
root development, comparatively much woody water-conduct- 
ing tissue, and large flat thin leaves plentifully supplied with 
veins and stomata. 

Xerophytes, on the one hand, and hydrophytes, on the other, 
present two extremes : the former are compelled to husband 
their scanty water supply: the latter grow either in per- 
manently wet soil or more or less submerged in water. Smoe 
xerophytes and water plants constitute noups of plants living 
under totally diverse conditions, we wiS. examine their struc- 
tures in some detail that we may interpret them in the light of 
their correlation with, or adaptation to environment. 


4. Xerophytes.— In dealing with this biological group of 
plants, our main guiding principle is that transpiration must 
be reduced. No plant can live i^ess its cells have the required 
amount of cell sap, and if the water is being given on at a 
greater rate than that at whiol\it is being absorb^, dessication 
and death must sooner or later result. Such plants, however, 
are “in a quandary’* since the leaves are the transpiring 
organs, )Wd it these be reduced in number or size the plant is 
less supplied with elaborated food, for we have already 
investigated the leafs functions and know that photosynthesis 
is its main work. The problems to be “ solved ** by the plmit 
are briefly these ; — 

(i.) Transpiration must be reduced ; 

(ii.) Food elaboration must not be reduced ; 


(iiL) How can the “ happy mean ” be struck between these P 
Bearing the above in mind, we will now examine the group 
tn detail. 


5. The Yskvioua Habliata of Xavophytoa,— 

(a) In deserts, where the soil is permanently dry, we should 
expect pronounced xerophytio characters. 

On mountains the ooldness, poorness, and shallow depA 
o^the sdl render little water avallaUa 
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(c) Tho extreme ooldness of the soil and wind in arctic 

regions acts similarly. 

(d) In the tropica transpiration must be reduced during the- 
long dry season. 

(c) There is a poor and precarious water supply for plants- 



h'i'i S(i9.-^8tagJioni F$m, Vimecl from (A) the front, (B) the hack, iC) 
the .HeJe. A large Australian Fern -virhioh perches on tree trunks. It has 
two kinds of leaves: (i.) Foliage Ijeaves, which are green in colour 
ani freduently of a horned shape, (li.) im.l.) Mantle Leaves, which are 
broad, liat, shield-shaped leaves, brown in colour and standing erect, 
almost parallel to the tree trunk on which the plant is perched. Its 
Hoots (r.) are a fibrous mass, which ramifies iu tlie dust and moisture 
collected in the niche between the mantle leaves and the tree trunk- 
Tiuse roots spring li*om the hatl: of the mantle leaves. 
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growing perched on the trunks of trees. (Pig. 569.) 
In England the beat examples are mosses and small 
ferns. The trunks of trees shading the rivers in South 
Scotland are almost covered with perching ferns. We 



JTiff, 570. <A) 8^11 Britian Spiphptio (or Perching) Perns. (B) Laras 
fraptcal Perchtng Plant {an Aroid), Note its aerial roots hanging down 
Into the air. 


find tlie greatest variety of perching xdftuts (epiphytes) 
in tropical forests. There is little undergrowth hi such 
a forest, the intense gloom consequent , on the thick 
leafy canopy above, renders such vegetation impossible* 
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The bulk of the smaller plants are perched upon not 
organically connected with) the larger trunks and 
branches. Orchids and aroids are mostly of this type of 
growth. Some start as climbers, die away in their 
lower regions, and slowly ascend the tree. Others have 
sprung from exceedingly small seeds which, blown by 
the wind into the chinks of the bark, have germinated 
so quickly that they have gained a foothold by means of 
their clasping roots before they could bo dislodged, A 
special feature of these epiphytes is that they frequently 
send forth roots which hang down into tho air. Some 
of these may reach the soil and by branching there may 
absorb water and mineral substances in the normal way. 
Others never reach the ground, they hang as long 
vertical ropes, absorbing moisture from the saturatetl 
atmosphere and also making food by their internal 
green tissues. (Figs. 570, o7l.) The leaves of theses 
X)larits are frequently small or absent altogether. Tlus 
student should study how epiphytes have solved tlio 
problem stated at the end of the preceding section. 

(f) Mosses upon walls and the familiar house-leek upon 
house roofs are very badly situated for water. Tlieir 
position is similar to that of epiphytes. 

(f/) Plants by the sea shore or in salt marshes have their roots 
surrounded by water, yet are much in the x^sition of the 
“ Ancient Mariner.” The salt in the water preclud(*s 
much of the latter from being used. 

(7i) Plants growing just back from the shore on the sand 
dunes are in a very awkward x)OBition ; not only is tli(< 
soil very dry for a considerable depth, but in its deel)or 
regions the water which is found is very salty ; add to 
this that the plants are exposed to the full blaze of tho 
sun, the full force of the wind, and are repeatedly bein:jr 
completely covered by new drifts of sand. Evidently 
in these shifting regions the plants to thrive best will 
be those possessing xerophytic characters, together with 
the powers of producing very long branching roots and 
of renewing their growth in the event of their being 
completely covered. Long coarse grasses are usually 
the first plants to thrive in these unsatisfactory regions. 
When by their binding action they have formed the 
dunes, they are followed by the sea>thom, heather, etc. 

6* Xevophytic ChaPMtere. (Figs. 572*579.)— The foL 
lowing are the main points of xerophytic structure. It must 
not be expected that they will or . can all be exhibited by one 
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plant; in fact, some of the characteristics are mutually 
prohibitive. Most xerophytes, however, will exhibit more 
than one of the structural pectiliarities described below. 


B 57J 



sp. 



Fi0. ^2.— (B) Croat MnHon of the AeriaZ Boot of an Orohtcl * (C) 
view of the region marked (A). («p.) Oater Spongy Absorbent Part ; (g,e,) 
Cortex containtng Chloroplastids ; (c.r.) Central Conduotiog System. 

Fig, S72*'^A amall Caottta, Note tbe swollen ribbe stem (a water reservoir), 
tbe absence of leaves, and the protective armour of spines. 

(a) STJCCUiiENCE. — The plants store up water in 4;h6niselves. 
This is. wdl seen in swollen cacti and euphorbia stems 
and in stonecrop leaves, (Tig. 572.) 
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F%g» 573,^Fwrze^ Flowering Twig. Note how all branches and leaves are 
sharp thorny structures. The green colour of the stems makes op for 
the very small size of the loaves. 

Fimi {Figs, m, 675). 

Fig. 574.— Cross Section of a Pirn Leaf. The solid character of the leaf if 
well shown. The following are most noteworthy points of structure 
(a.) Thick cuticle (m.). 

(b.) Sunk Guard Cells (marked black in the figure g.o.) ' 

(c.) Strengthening thick-walled layer just below the outer skin (at.). 

(a.) Very small air spaces (shaded in the figure) (a.».). 

(c.) Only two veins (v.). 

(f.) Eight resin passages or ducts {r.p.). 

F\g. 67SA.—End of a Branch hearing a young Female Cone. Note the Ions 
needle-like foliage leaves. 

Fig. 575B.--A pair of FoUage Leaves (f.l.) home on a short Branch or Spur 
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(6) Thick Leathery Cuticle.— This hinders transpiration. 
Cacti have leathery stems, hoUy and aloe leathery 
leaves, 

(c) Waxy Covering.— Further hinde^g transpiration. The- 

blooju seen in those plants mentioned in (a) consists of 
a thin film of wax secreted by the outermost parts. The 
bluish tinge of a pine leaf has a similar origin. 

(d) Thick Sap. — Generally characteristic of desert plunts. 
Such a sap evaporates less quickly than a more liquid 
one. 

(e) Thorns. — Due to dryness. Necessary in the case of desert 

I>lants, where they are the only vegobation for miles, and- 
would otherwise be eaten or destroyed by animals. This 
will be seen in cacti and euphorbias. Among English 
plants holly and furze are good examples. (Fig, 573.) 

(/) Hairy Leaves. — common characteristic of mountain 
plants and those on the South African veldt. The ob- 
ject is to reduce trampiration by protecting the stomata 
from the wind. Lady’s mantle affords a good English 
example ; its hairiness varies according to situation. 

{g) Sunken Stomata. — Same object as/. The leaves of pine- 
and other conifers show the stomata sunk in pits. The 
air in these pits tends to remain saturated with moisture. 
(Fig. 574.) 

{h) Few Stomata, — S hown in most xerophytic leaves. The 
fewer the stomata the less transpiration, since there are 
fewer exits for the water vapour. 

(tT Small Air Spaces in the Leaf.— T herefore less area of 
moist cell surface is exposed to evaporation within the 
leaf. Pine leaf shows this well. 

O') Few Veins to the Leap.— Correlated with the small 
water supply. Many leathery leaves of conifers show 
but one vein. 

{k) Close Packing o p Leaves. — Leaves thus kept away from 
wind and from the sun’s heat. Examples : Mosses, house 
leeks. (Fig. 576.) 

(1) Rosettes. — The result of leaf-packing (A:), coupled with 
shortness of stem growth ; subserves the same functions 
as (A;). The crassulas furnish good examples. 

(j») Stunted Habit. — A most marked feature of arctic and 
mountain floras. Plants grovsdng upon exposed moors 
show the same phenomenon. Transpiration is lessened 
by the plants evading the wind. In arctic plants it has 
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been thought to be partly produced by the stunting 
action of the light during the long “ day,** The student 
should compare the willows and the bedstraws that he 
finds growing in (i.) sheltered lowlands, (ii.) exposed 
upland surfaces. 

in) Evekgeeen Nature.— So that, during the bright days of 


678.^Hou8e Leele, A plant exposed to strong winds and full sunlight, 
yet having a poor water supply. N.B.— The swollen, closely-overlapping 
leaves. 

Fi{/, S?7.--‘Psamma Cross section of a backward-coiled leaf, showing 

how the backward curling of the leaf keeps the stomata from the wind. 
Hairs (h.) prevent water vapour escaping from the spaces (h.) into the 
’space (a.). 

winter, the plants may make up for their diminished food- 
making capability. Examples : Pine, spruce, yew, bolly . 

(o) Thick Leaves. — ^Less transpiration from suchlekves than 
there would be if they were thinner and more spread out- 

ht) Deep-Seated Boots. — ^Where the soil is sandy and dry. 
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Fi^ S78.^BTOom. A, Fioiveting Tung ; B. Stem Enlarged. Coirelato tHe 
small leaves with the grooved or winged stem. 

Fig, 679.'Sutcher^8 Brornn.^^st) Ordinary Stem; («,) Leaf-like Stems; (aL)< 
Scale Leaf, in the angle of which a LeaMike Stem arises ; {f.b.) Flower 
Bud; (f.l.) Open Flower. 

Fig. 680,--‘Cacii. A. A green leafieee Cactus Stem with three Frojeeting 
wings. 

B. Another sijeoimen with four Projecting Wings, All the branches ahd 
leaves are converted into thorny strootures. 

O. Lower part of the same, to show the flanging of the stem *^r6 clearly 
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Pine has roots nmnmg parallel to and not far below 
the siirfaoe of the ground. Its natural home on Ihe 
mountain’s side possesses only a shallow soil resting on 
the hard rook. Contrast this with the plants forming, 
and growing upon, sand dunes. 

( 9 ! Backwart) Coiling Leaves. — Coiled leaves form a 
chamber into which the stomata open. The air in this 
chamber speedily becomes saturated with moisture. This 
is very well seen in the heathers and in shore grasses. 
(Fig. 577.) 

(r) Small Leaves. — ^Frequently needle-like. Examples; 
Pine, yew, broom, furze. Leaves merely scales in 
butcher’s broom. 

Absence op Leaves. — ^Many oaoti merely consist of a 
swollen leafless stem above ground and a root below. 
(Plate viii., page 247.) 

(t) Green Stems. — This is a direct consequence of leaf re- 
duction, nearly always seen in plants possessing few, 
small, or no leaves. Food-making area must be supplied 
(broom, furze, cacti). (Fig. 678.) 

(<i) Grooved Stems. — The stomata are placed at the bottom 
of the groove, sway from the wind. (Fig. 680.) 

(v) Winged Stems. — To increase the food-making surface. 

iw) Stems and Leap-stalks Looking like Leaves.— As in 
butcher’s broom and acacia. The advantage here is 
that the edge, instead of the flat leaf suHaoe, is placed 
to the heat, (Fig. 579.) 

ix) Slow Growth and Long Life. — Consequent on slow 
processes of nutrition. 

SUMMAKY. 

THB PLANT AND ITS BNYIRONMBNT (II.). 

1. Moisture is necessary : 

(а) For sugar production. 

(б) To keep the protoplasm in a saturated condition. 

(c) To transport foods and food materials. 

2. Conditions regulating the amount of moisture in the soil : 

(а) Bainfall. 

(б) Wind. 

(c) Slope of land. 

{d) Bock constituents of the soil. 

(e) Amount of humus or decaying organic matter. 

17 
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3. GlaBBification of planta according to their water supply ; 

(а) Xerophytes have insufBoient water supply. 

(б) Mesophytes have sufficient water supply. 

(c) Hydrophytes have excessive water supply. 

4. The problem confronting xerophytes : 

The reduction of transpiratory. without a corresponding 
reduction of assimilatoiy, surface. 


5. Xerophytio situations : 

(a) Deserta. 

{b) Mountainous regions. 
(e) Arctic regions. 

(d) Tropical regions. 

6. Xerophytio characters : 

(a) Succulence. 

(b) Leathery cuticle. 

(e) Waxy surface. 

(d) Viscid sap. 

(e) Thorny nature. 

(f) Haiiy leaves. 

(g) Sunk stomata. 

(h) Pew stomata. 

(i) Small air spaces. 

(/) Few leaf veins. 

{k) Olose-paoked leaves. 

{1) Bosettes of leaves. 


(e) Epiphytio situations. 

{/} Walla and house roofa. 

(g) Seashores and salt marshes. 

(h) Sand dunes. 

(m) Stunted growth. 

(w) Evergreens. 

(o) Thick leaves. 

(p) Deep roots. 

(q) Leaves rolled back. 

(r) Small leaves. 

(s) Absence of leaves. 

(t) Green stems. 

(u) Grooved stems. 

(v) Winged stems. 

(w) Leaf-like stems. 

(x) Slow growth and long life. 


PRAOTIOAL. 

1. Keep a record of the rainfall where you live. 

2. Examine the moisture of the soil in any selected region with a 

view to tracing its dependence on the slope of the land, the 
nature of the soil, and the amount of humus present. 

3. Study the geological formation of your own district. 

4. Investigate the depth of humus found under a number of forest 

trees. Oorrelate with amount of moisture, extent of under- 
growth, and intensity of illumination. 

6, Study xerophytes in situ. Tabulate their xerophytio ohar- 
aoters and the physical conditions under which they live. 

6. If possible study the flora of a strange district during your vaca- 

tions. Carefully note all deviations from your list of 
‘‘home” plants. 

7. Ask friends living in difierent parts of the country to co-operate 

with you by exchanging plant specimens, lists of plants fonn^ 
and details of envixonmeat 
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The Plant and its Environment (IIL). 


1« Water Plant8.-*The most important fact in inter- 
preting the structure of water plants is that carbonic acid gas 
18 rea^y soluble in water, but oxygen is only slightly so* 
Since decaying organic matter is always present in exposed 
ponds or stoams and carbonic acid gas is a product of such 
Composition, it follows that a large amount of this gas will 
be present in natural waters. Plants growing in lubmergitd 
positions will thus be enveloped in a solution of the gas which 
they require for food formation. To this should be added 
that the necessary mineral salts are also present, dissolved in 
the water. Aquatic plants, therefore, are very well supplied 
with all the raw materials— water, carbonic acid gas, and 
minerals— from which food is made. 

As a result we find that rapid growth and much branching 
are characteristic of the whole group. (Fig. d81.) This subserves 
vegetative reproduction, for many of the branches are broken 
off by currents and float away to form new plants. It is a 
gene]^ axiom among gardeners that if a plant produces mau}) 
stems and leaves it produce few flowers; the biological 
significance of pruning trees to promote flower and fruit 
formation depends on this fact. Water plants, as we have seen 
above, are rapid growers ; they reproduce themselves readily 
by means of their detached branches, and so there is not the 
necessi^ for them to produce flowers. A very good instance 
of this is the way in which Elodea, the Canadian Waterweed, 
has gradually spread through our rivers and ponds without 
producing flowers. 

Another cause tending to prevent the production of flowers 
by aquatic plants is the difSculty attending their pollination. 
Insects are relatively few and there is great danger of the 
4 >ol]en becoming wet and so unfit for dispersal 
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Wliere flowers are produced they are generally specially 
adapted for poUinatiozi by water agency* In some of these 
plants the male flowers break off and float away until they 
come in intact with the female flowers. Sometimes the 
female flowers lie submerged but are providea with long styles 
so that the stigmas may be at the water surface in order to 
receive the floating pollen. In one particular plant (Zostera) 
the pollen grains have the same specific gravity as water. 
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Ibry thus tend neither to rise nor fall in the water and are 
earned passively by the currents to the female flowers which 
are borne at various depths in the water. We have already 
dealt with the submerged seed-ripening found in this group 
in an earlier chapter. 

Although weU provided with raw food materials, they are 
badly su^mlied with the oxygen they require for respiration. 
Cu Xerophytes there are wat^ reservoirs; in water plants 
(^drophytes) thm are air reservoirs. These latter are Uagp 
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■K]>ace8 in the stems and leaves. (Figs. 585, 587.) The stems are 
frequently hollow (Fig. 582) > and all the spaces communicate 
with each other so that oxygen teay reach every coll of the 
plant. Marsh plants show these air : spaces also. They are 
liable to be submerged in times of flood and must make 
provision accordingly. (Fig. 684.) 
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Fig- 085.— STm Trcmavttrte BeoHon of Stem. The veins are showA 

as dots, air reservoir system Is very well developed. 

Fig- 68S.^Th« Sxceet Flag- Tremtverse SeeHon of Siam- The network 
shown is precisely the same as that in Fig- 585. This stem Is embedded 
in the mod at the side of water. 
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These large air chambers subserve another important 
function : they act as “ floats ” by giving additional buoyancy 
to the leaves and enabling tiiem to lie as near the light as the 
length of the stem permits. In terrestrial plants the roots 
iibsorb, the stems conduct, whilst the leaves give off, water. 
There is a definite upward transpiration current. The path of 
the water is well marked ana there is provision made by 
cuticle, cork, and bark that its escape shall only be by way of 
the stomata. 

In submerged water plants the whole surface of the plant 
absorbs the water and mineral substances, there is no upward 
current of “ sap** in the plant, and free access or 08 ca 2 )e of tho 
water is allowed from any part. 

The roots are merely attachment organs and are couse^ 
-quently little developed. In free-floating forms the roots may 
be entirely absent, but usually they ore devcloi)ed as bunches 
of thin white threads from various points of the stems and are 
absorptive in function. The student will have noticed the 
white stringy roots of watercress and other aquatic plants. 

Since there is no upward transpiration current, there is 
no necessity for the development of a woody conducting 
rt gion ; indeed, the absence of woody tissues is a pronounced 
characteristic of the group. Another reason for its absence is 
that it is unnecessary as a supporting structure, the sur- 
rounding water aftbrding all the support required. The slight 
amount of woody tissue is always placed in the centre of tho 
stem, for the latter must bend easily and give with the current. 

The central disposition closely resembles that of the wood in 
the root of a land plant, and for the same biological reason : it 
has to withstand alongitudinal pull. (Fig. 587.) Transpiration 
being entirely absent, there will be no necessity for stomata. 
In ten’estrial forms we found the stomata were used as : — 

(a) Exits for water vapour ; 

(fe) Entrances for oxygen and exits for carbonic acid gas ii* 
respiration ; 

(c) Entrances for carbonic acid gas and exits for oxygen in 
photosynthesis. 

We therefore note that stomata are also unnecessary in sub- 
merged parts of water plants since there is no gaseous entrance 
or exit, the gases being in solution. Further, any submerged 
stomata would allow flie entrance of liquid into the air-s|)^o 
system of the plant and respiration would be interfer^ with. 
If the whole submerged surface is acting as an abso^^tive area 
it follows that waterproof cuticle, cork, and bark will preclude 
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89 i--^Mar 8 h MfurigolA Stem, A marsh plant. Stem cnt across tc 
ihow the central large carity and the system of smaller spaces (s.) lying 
In its cortex. 

Fig. SSg.-^Fotamogeton, A tme agnatic plant. Note the redaction, and the 
cenU^ disposition, of the wocm of the stem. K.B.-^Also the greatly 
develoned air resenroira. 


HTDBOP0YT8R. 


266 


absorption and so starve the plant. They are therefore uni- 
formly absent. The leaves of water plants are speciaUy worthy 
of study. All the above remarks have applied particularly to 
plants submerged by water. We must bear in mind that 
frequently the leaves float on the surface of the water and 
sometimes they stand out beyond it. We have thus three 
main forms : aerial, floating, and submerged leaves, diftering 
both in shape and internal structure. The aerial leaves have 
practically the same structure as the leaf of a terrestrial plant. 
If they are floating leaves which have been left dry by sinking 
of the water level, they have the structure detailed immediately 
below. 

The floating leaves are generally oval or circular in outline, 
otherwise they are subdivided into more or less oval lobes. 
An absence of notches or indentations characterises their 
margins, which also frequently turn up. Usually their upper 
surface is glossy, often waxy. If submerged by a rise of 
w’ater level, the leaf stalks grow and bring the leaves to the 
surface again. All the above characteristics have one object, 
that of preventing the wetting of the upper surface. This 
is rendered necessary because these floating leaves have 
stomata on their upper sides, to allow the entrance of oxygen 
and carbonic acid gas. The flpating stem of Duckweed 
(Fig. 586) is very similar to a floating leaf. The most remark- 
able floating leaf in the world is that of an African Water- 
lily (Victoria regia). The leaves are immense circular discs, 
measuring yards in diameter. The stalk is situated centrally 
below the leaf. The leaf edge is upturned all roimd and the 
>vhole circumference is protected from animal attacks by being 
fortified on its outer side with a formidable armour of spines. 
This leaf is so large that it can easily support a man. 

The submerged leaves of aquatics possess a totally different 
appearance. Tliey are either long and narrow, easily bending 
with the current, or they are much divided into narrow 
fluger-like parts, closely resembling branching-root systems 
[Figs. 689, 590.) This is not remarkable when we bear in mind 
that they are performing the absorptive work of roots, and so 
we should expect them to present a root-like appearance. In 
them cuticle and stomata are entirely absent, as mentioned 
earlier in the section. 

The same water plant may possess different kinds of leaves. 
Oood examples are found in the Arrowhead, whose leaves are 
arrow-shaped, oval, or ribbon-shaped, accord!^ to their aerial, 
floating or submerged position, and the water Buttercup, 
whose floating and submerged leaves are lobed and greatly 
subdivided respectively. (Fig. 589.) One final point about 
this biological group of plants is the means by which they 
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Fiff. SSSr-Duelewefd. A mvup of floating PUmU; also asinglsone, Tbe 
stem is a circular green &sc, from the lower side of which roots arise and 
hang yertioaliy in the water. Bach root is provided with a terminal ** root 
cap. ' 


Fig, SSS.—'Floating^Pondweed. The regular outline of the floating leaves 
is noteworthy, ^e leaves form very good ** mosaics.*' The roots possess^ 
absorptive root hairs. 


Fig, BSS.—Waisr Buitsreup. Flovming and Fruiting Plant (jH.) Flower: 
if.) Head of Fruits; {fl,t) Floating Leaves; (s.f.) Submerged, much divided 
Leaves. A free-floating water plant 

PHg. B90.-~^WaUr Violet. An attached water plant growing at the bottom 
of a pond. Submerged kaves («.{.) are greatly divided; Flowers are pale 
mauve in colour; Fruits (/.) are usually submerged. 
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tlibemate. Their life is necessarily at ^ standstill when ice covers 
pond surfaces, or when coldness of«^the water hinders their 
nutritive processes. Sinking is the uniform rule : either the 
whole plant sinks or it may produce special sinking buds. 
Many attached plants burrow through the mud by means of 
long creeping stems and frequently produce tubers or storage 
etems. ^together aquatic plants offer unrivalled opportunities 
for studying the correlation between a plant’s structure and its 
•environment. We can find also, m marsh plants, intermediate 
forms possessxug in a slighter degree those very structural 
characters which so evidently fit aquatics for their peculiar 
habitat. 

2. Temperature and its Conditlona.— The broad zones 
of vegetation found occupying the globe in different latitudes 
are closely connected with temperature conditions. In the 
Tropics an intensely hot day is followed by a very cold night, 
and plants must be able to endure both. In the Frigid zone, 
on the contrary, extreme cold is prevalent throughout the year. 
Even during the short summer the ground remains frozen hard 
at a little depth from the surface. Tms coldn ess of soil exercises 
a strong benumbing action on the root hairs and prevents water 
absorption. The optimum soil temperature is never reached ; 
only xerophytio plants have any prospect of surviving such 
adverse climatic conditions. These arctic conditions are repro- 
duced high up on mountains. Both arctic and alpine floras 
agree very closely. If any mesophytio plant grows there, even 
in a sheltered spot, it is stunted in its growth consequent on 
the coldness of the soil. The dryness of mountain air greatly 
increases the rate of transpiration, and further renders impera- 
tive the production of xerophytic characters. The blasting 
effect of the cold winds can frequently be seen in the shapes of 
trees exposed to them. Comparatively few branches are pro- 
duced on the exposed side, plants thus “endeavouring” to 
shield themselves. Sometimes the wind takes the form of a hot 
blast, having previously traversed a continental desert. The 
“ba^ plots” in the Australian colonies are good examples, 
eo is the devastating effect of the winds blowing across Egypt 
and India from the Sahara and Gobi deserts. Temperature is, 
therefore, largely dependent on winds. In our own country a 
•cold north wind delays the appearance of plants above the soil. 
The best way to study the effects of temperature on plant 
growth is to correspond with a distant friend, exchanging lists 
of plants, the dates of their appearance above the ground, and 
the temperatures of the air ana soil respectively. Even in one 
small area the student will find marked differences in soil 
tempmtui'es. 
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The student should note that the great reason for the 
shedding of leaves in winter by plants in our own country 
is that the coldness of the soil prevents water absor][)tion 
by the root hairs. 

Has the depth at which a plant is buried in the soil any 
determining effect on the time at which it appears above 
ground ? 

In held work compare the relative dates of appearance of 
bulbous plants, bracken, and celandine with the times that tb-^ 
trees put forth their leaves. Try and explain your results by 
considerations of soil temperatures at various depths. 

3. Main Factors in the Distribution of Plants.— 

We have hitherto traced the action of physical conditions in 
determining the broad distribution of plants. One or two 
further points require mentioning here, 

(a) In trying to account for a plant's position we must not 
only take present physical conditions into account, but 
also those of past geological ages. For instance, how 
can we explain the presence of arctic plants upon the 
snow-covered tops of tropical mountains without calling 
in the help of geologfy ? This tells us that at one period 
the earth’s vegetation was entirely arctic in character. 
Subsequently warmer conditions prevailed, and the arctic 
phmts were gradually exterminated except where they 
were driven to, or survived in, the intensely cold 
mountainous and frigid regions. Similar considerations 
enable us to explain that the Cedar of Lebanon is found 
growing wild in three isplated spots ; Palestine, North 
African mountains, and the Himalayas. Evidently it 
'has been exterminated by adverse cliiiiatic conditions 
ih the intervening regions. 

(h) Man’s effect on vegetation has been immense. He cats 
down forests, exterminates weeds, “ improves ” plants by 
cultivation, alters conditions of temperature and purity 
of the atmosphere, drains land, artificially manures it, 
ousts himdreds of plants to make room for one particu- 
lar crop, treads down plants by his woodland and field 
paths, st^es them with dust from his roadways, keeps 
domesticated animals which browse in one region 
instead of roaming as they were wont, cuts railways 
and scatters seeds by carrying them op the footboards 
of his trains and so for&. In short, he upsets the 
** balance of life” among vegetation in thousands of 
ways, and plants have again to readjust their mutual 
relations which have been interfered with by his con- 
scious or (more frequently) unconscious influencai 




Plae a XI. and XU.^A TmoAX, Hbim^bbow Fobka-Tioh (Hx^Bonir, 
BX«4€KB«BSY, 01 iBATBB8« ViOlJBT, DOOK AND FBUCBOSB) ; mVH A 
VBW 0V ITS Hii^uonb ov Stoicata shown above* 
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Eveiy student is strongly advised to read Darwin's 
** Origin of Species,** if not the whole, at least the 
chapters bearing on the above. The action of other 
animals in determining plant distribution is left as an 
exercise for the student's observation. It is too large 
a subject for present treatment. 

4. Typical Plant Sooietiaa.— It is of little value to 
give merci lists of plants found growing in various situations. 

Such lists are monotonous and are much better replaced by 
observations made in iitu by the student himself, armed 
with one of the numerous &eap illustrated handbooks of 
plant life (Cassell’s “ Wild Flowers, and How to Find Them ** is 
typical of many similar excellent booklets). A flora such as 
that of Bentham and Hooker will only be found advantageous 
to botanical students. What we have to emphasize in our 
study is plant life under various conditions. A brief synopsis 
follows of tho conditions most likely to be found in various 
situations. 


5. Synopaia of Oonditiona unden which Planta Live. 


SITXJATIOK. 

Light. 

Moistubb. 

TBMPBBATtTBStj 
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Variable 

Effect of 


crowding of 

largely de- 

aspect, de- 

trees 


plants and 

pendent on 

pendent on 

should be 


close crop* 

soil and 

slope, etc., 

noted. 

Meadows 

ping. 

slope. 

w h ether 
shaded or 
otherwise. 


Full light. 

Generally 

Cold soils 

Frequently 

sheltered 


greater var* 
iety of plants 

much mois- 
ture due to 

usnally. 

by hiUs. 


than pas- 
tures. Note 

flatness and 
low-lying 




times of 
flowering. 

character. 



Mountain^ 

Strong 

Dry usually. 

Cold. 

Strong. 

Valley 

Moderate. 

Muoh usually. 

Warm, due 
to cutting 
off of cold 
winds by 
hills and 

Sheltered. 



Woods* 

Very variable. 

Much usually. 

trees. 

Warm usually. 

Sheltered. 


1 Note varlAtione ia vegetation as higher altitudes are reached. 
^ Trace various iliomlnations and undergrowth. 
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Situation. 

Light. 

Moisture. 

Tbmpebaturw. 

WiNlv 

Wallsi 

Often strong. 

Little. 

Varlab’e. 

Variable. 

Moors 

Strong. 

Variable, ac- 
cording to 
drainage. 
Moss moors 
very wet 
Heather 
moors dry. 

Extreme 
warmth and 
cold. 

Strong. 

Marshes 

Medium to 
shady. 

Much. (Sou 
saturated). 

Cool. 

I 

Sheltered 

generally. 

Ponds 

Medium to 
poor. 

Much. 

1 More uni- 
form than 
soil temps. 

Frequently 

sheltered. 

Rivers 

Very variable, 
but never 
strong. 

Much. 

Colder than 
ponds. 

Variable. 


* The two sides of a wall present a good place to study two sets of 
conditions. Look for zerophytio characters of plants on the 
waU Itself. 

SUMMABY. 

THB PLANT AND 1TB BNYIRONMENT (III.). 
Water Plante. 

SuBMEEaED Pabts absorb water, oxygen, carbonic acid gas 
and mineral substances by their whole surfaces. 
Characters : 

(Long slender branching stems, little root 
(a) External •! system. Much growth and little flowering. 

(Long ribbon-like or much divided leaves. 

{ No cuticle nor stomata, little wood developed. 
No transpiration current. 

Great development of air reservoirs. 

PLOATma Lxaviqs large, regular outline, glossy, stomata 
above, leaf-stalk capable of renewed growth. 

Hibebstatiob by sinking of the plant or special parts or by 
production of tubers and runners in the mud. 

Temperature and Its Ckinditions.— Plants grow best when 
living at the optimum temperature. Conditions affecting 
temperature: — (1) Latitude. (2) Altitude, (8) Direction and 
character cf preval^t wind, (4) Depths of roots in soil, 
(5) Amount of humus and moisture in uie soiL 
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Main Factors in Plant Distribution* 

1. Olimatio: Largely the result of altitude, latitude and wind, 

2. Geological : Explains situations of many plants. 

8. Man : most Taried influence. 

4. Other Animals : (herbivorous animals, birds, bees, etc.) 

5. Competition between plants themselves. 

Chief Plant Societies.— Hedgerows, Pasture, Meadow, Moud> 
tain, Valley, Woods, Walls and Boofs, Moors, Marshes, Ponds 
and Bivers. 


PEAOTIOAL. 


1. Select a small area. 

2. Survey it and mark all distinctive spots. 

3. Determine its slopes, water supply, character of mineral 

constituents and extent of organic constituents of the soil 
prevalent wind. 

4. Map out the most dominant plant or plants. 

5. Then map out carefully the distribution of smaller or less 

common plants. (In each case, test the intensity of 
illumination and the amount of available water.) 

6. Note how the vegetation alters in various parts. 

7. Compare the dates of appearance of different plants. 

8. Compare the dates of appearance of same plant in different parts. 

9. Investigate the depth to which roots and underground stems 

penetrate the soil. 

10. Carry out a series of soil temperature experiments. 

11. Look for leaf mosaics and photograph them if possible. 

12. Keep the same area under supervision for several years. 

18. Compare the appearance, height, and weight of specimens of 
the same plant from different parts of district. 

14. Make and compare lists of plants growing in different districts. 

15. Examine plant tissues microscopically and account for 

differences of structure. 



CHAPTER XXIII. 


Qtneral Review of Plant Life. 

, > , » .. 4 

1. Germination. Plants possess two well-defined classes 
of organs : — 

(a) Vegetative (or nutritive) ; 

{b) Reproductive. 

Sooner or later some of the food manufactured by the 
vegetative organs is used for forming reproductive organs 
cuLninating in seed production. 

The seed contains a voung plant provided with all the 
necessary organs. It only needs favourable conditions to 
start growth on its own account. 

The parent adequately supplies the plantlet with food in 
order that it may be able to grow up through the dark soil to 
the light, for until It does the latter, it cannot make any food 
for itself. 

All seeds possess protective coats. The main differenoes in 
aeed structure are : — 

(a) The number of seed-leaves possessed ; 

<(&) The position occupied by the nutriment (either inside or 
outside the plantlet). 

Absorption of water is a necessary preliminary to t) e 
germination of a seed. 

The water tends to enter the seed by capillarity, but its 
actual entrance into the living cdls of the seed depends on 
diffusion. Seeds require oxygen for respiration, and evohe 
carbonic acid gas and heat in &e process. Their life processes 
are carried on at a very rapid rate, and so they are very 
favourable objects by which to study respiratory phenomena. 
Poor drainage of the soil interferes very greatly with their 

le 
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breathing, since, on the ground becoming waterlogged, the* 
ground air is expelled by water. 

This ground air di^Pers from the atmosphere in chemical 
composition ; it contains less oxygen and more carbonic acid 
gas, besides being always saturated with water vapour. It is 
thus less suitable for respiration than the atmosphere, but this 
disability is greatly reduced by its constant state of motion. 
Its movements depend on slow diffusive currents of its 
constituents, and also on climatic conditions. 

A supply of oxygen and moisture is not sufficient to effect 
tne germination of a seed. A plant’s vital functions can only 
be performed within a certam range of temperatures, and 
germination is no exception to this rule. 

It proceeds at a most rapid rate when, ceteris •paribus^ the 
optimum temperature is present. This varies with different 
plants — an arctic plant is able to germinate and live at a 
temperature which would be fatal to one whose ancestors have 
habitually lived in a tropical climate. 

The temperature to which a seed is subjected largely de- 
pends on the depth at which it is planted in the soil. This 
depth is possibly limited also by consideration of the size of 
the seed and the sturdiness of the stems produced. 

Seedlings behave very differently in their emergence from 
the seed-coat. Frequently the seed-leaves never come out from 
the seed, in other cases they appear above ground and aid iu 
food formation, thus amplifying the store provided by the 
parent plant, ^ The seed-leaves are frequently distended by 
nutriment whilst in the seed, but this is by no means always 
the case, for the young i)lant may be embedded in food laid uxi 
for its use in other parts of the seed. 

If only one seed-leaf be present, it subserves the important 
function of secreting digestive or fermentative juices which 
render the stored food soluble, and consequently available for 
the plantlet. 

ft is usual for the parent plant to provide both nitrogenous 
and non-nitrogenous organic food in the seed for the use of its 
offspring. Such dual provision is specially necessary when we 
consider that all food- stuffs become integral parts of tho 
protoplasm, and non-nitrogenous organic foods are regarded 
bv many as highly combustible and energy -producing. 

Interesting parallels of parental provision are found on 
the animal side, where the ideal foods, milk and eggs, both 
contain nitrogenous and non-nitrogenous constituents. 

Another noteworthy parallel is that whatever food is stored 
up, by either the a^nal or vegetable parent, it is of no use to 
the offspring until it has been digested. These considerations, 
together with the identical viSil powers exhibited by both 
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rauimal and plant living material^ lead us to the conclusion that 
the protoplasm of one cannot essentially differ from that of the 
other form of life. 

2. RootB.->The two main functions of roots are anchorage 
and absorption, and their branch systems, whether of a fibrous 
or tap-root formation, fit them admirably for their work. In 
England the two other functions of storage and climbing are 
occasionally performed by roots. 

The storage function is subserved by the tap roots in 
biennials, the roots being greatly swollen to contain the food 
manufactured by the leaves in the first year of CTOwth, and 
shrivelling greatly during the second year, when the nutrition 
is abstracted for the purpose of building up a long flowering 
stem. 

The small clinging roots of ivy enable tbe plant to raise 
its leaves to a greater height than they could have been raised 
by the slender stem unaided. 

The root is a specially sensitive organ. Its absorptive and 
anchoring work is greatly assisted by the marked responses 
evoked by gravity, moisture and other stimuli. 

Boots bear root-caps at their tips to prevent their delicate 
growing regions being injured by friction with the particles of 
soil. Such root-caps remain of a uniform thickness, since now 
layers are added to them from within to compensate for the 
(external loss by abrasion. 

The root hairs — delicate outgrowths from the outermost 
cells of the root— are the true absorptive regions. These are 
produced only in the ‘‘twigs’* of the whole root system; 
they possess delicate cell walls, and M^ater is attracted through 
them by osmotically active substances lying within the hairs. 
Young roots have their woody water- conducting tissutss 
aggregated towards the centre. By this disposition of the 
strong tissues the organ is best able to withstand the longi- 
tudinal pulls to which it is subjected. 

Since roots grow in a very fesistent medium, it is impera- 
tive that young roots should be protected ad^uately from 
mechanical injury during their most delicate early stages. 

Boots effect this by sending out tboir young members from 
a deeply-seated region ; the rootlet grows some distance 
through its parent before it reaches the hard soil particles. 

Beturning to the action of the root hair: these organs 
become strongly distended with osmotically absorbed sap, and 
gradually this turgid condition extends until the entire root 
oortex is in a state of distension, then the juicy cells abutting 
on the "wood of the root, suddenly allow their water to escape 
into the latter, A rhythmic pumping action is thus brought 
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aboat, and this expresses itself in root pressure or upiward 
fordnff of water from roots into stems, fioot pressure is far 
from oein^ a tmiform force: it varies with the season, the 
Mme of day, the temperature of the soil, and the amoimt of 
soil water available. The force of root pressure is immediately 
due to the pumping action of the root cortex, but primarily it 
owes its origin to ^sorption by the root hairs. 

Water absorption is due to the presence of an osmotically 
active acid sap in the root hairs ; mineral absorption depends 
first on the relative solubility of the minerals, but later on the 
extent to which such minerals are utilised by the plant in its 
chemical processes. 

From this it follows that during the later part of its life a 
plant only absorbs the mineral substances actually required, 
or, mother words, exercises a “ selective action in its abstrac- 
tion of minerals from the soil. 

In order to be continuously surrounded by soil containing 
the requisite water and mineral substances, it is necessary for 
the root continuously to increase in length, and so lay new 
•oil areas under contribution. 

This growth in length is not uniform throughout, but is 
limited to the region just behind the tip proper. 

3. The Stem.-— The main stem functions are the conduction 
of food and food materials and the presentation of theleaves 
to the light. 

We can easily judge from the girth of a stem and the 
extent of its external protective structures whether the plant 
to which the stem belongs is an annual, or a biennial, or a 
woody perennial. All stems arise from buds, and. these are 
protected by leaf stalks in their early stages. 

When the leaves fall from a tree the buds have already 
developed protective structures (scale-leaves, resin, hairs, etc.) 
for themselves. 

The most remarkable thing about buds is the wonderful 
way in whidh ihe leaves, and also (in s^ring-flowerinff plants) 
the flowers, are packed away. No space is lost ; the bud is filled 
to its utmost capacity. 

There are three distinct conducting tissues in stems:-— 

(a) The soft juicy cells which are the path for transport of 
sugar. 

(() The woody strands, serving for distribution of water 
and mineral substances. 

(c) The softer strands (the bast) which conduct elaborated 
nitrogenous foods. 

The last two are manifestly elongated and otherwise altered. 
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Plata XIH.— Miobo-Fhotoobapb of » small wrt of an Annual Bing 
of PiNBWOOP in Tbahbtbbsb Sbotzom. 

N.B.~T]ie sharp Alitinotiott between Autumn and Spring Wood. (Four 
medullary rays are shown.) 

msmbers of thU group the plant dies down to the ground each 
year, coming every spring from an underground stem, 
or rootstock. In other perennials the stems remain above 
ground and increase in girth by the activity of their oambial 
Lyers. This thickening of the woody region enables the stem 
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to give a greater support and a larger supply of water and 
mineral substances to the ever-increasing number of leaves 
borne on it. 

In a cross section of a woody trunk tbe yearly increases of 
wood are clearly indicated by the annual rings, whose concentric 
circular system is due to the fact that the wood formed in the 
earlier part of the year is much looser in texture than that 
produced later. (Plate xiii., page 277.) 

Eadiating out from the central pith of such a stem are the 
medullary rays — ^thin lines of living cells embedded in the 
wood. These are specially useful for storage of starch between 
the intervals of growth. The bulk of a woody stem is com- 
posed of dead cell-walls subserving protective, conducting 
or supporting functions ; the only living parts of a thick stem 
being the medullary rays and the cambial region lying between 
the bark and the wood. 

The herbaceous perennials frequently detach portions of 
their stems lor the purpose of reproduction. Tubers, bulbs, 
xind conns are the usual structures produced for this. They 
all betray their stem nature by bearing leaves and buds, 
although they are liable to be mistaken for roots by their 
underground positions. In all these parts the parent plants 
store up a large amount of food to provide their offspring with 
sufiicient material and energy to commence a vigorous and 
independent existence. In tubers and corms the stems act 
as food reservoirs, whilst the leaves are the seats of storage in 
bulbs. Starch is the usual storage material in tubers and 
corms, sugar in bulbs. 

In their response to external stimuli, stems show that they 
fire exceedingly sensitive to the influence of light. The latter 
< exerts a directive influence on the growth of Sie stem-tip, al- 
though the main action of the stimuiant is to check the growth 
in length. 

Light retards, darkness accelerates, growth in len^h of 
stems. This phenomenon is especially useful in enabling a 
young shoot to grow quickly through the dark soil — a great 
advantage when we remember that no food can be manufac- 
tured by the plant until it is so placed that it can absorb the 
incident light. 

Only certain stems react to the stimuli of gravity and con- 
tact; main stems being responsive to the former stimulus, 
twining stems to the latter. Plants seem able to convert 
almost any organ into a tendril if necessary. The tendril 
behaves in a manner perfectly tittingit for its work; it nutates 
and finds ** a supporting structure, it clasps this, it drags the 
plant slightly upwards, it lastly forms a strong elastic spring- 
like attachment. Only plants whh rather we& stems provide 
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themselves with tendrils. By means of the latter they are able 
to place their leaves in more favourable positions to receive 
sunlight. 

4. The Leaf.— This, the plant’s essential food-making 
organ, betrays the nature of its work by its appearance both 
to the naked eye and under the microscope. The arrangement 
of the leaves on the stem, their stalks, their shapes, their veins 
and thin green tissue all help materially in rendering them 
more efficient chemical or food-making factories. 

The microscope shows us a similar fitness of things in the 
minute structure : the epidermis, cuticle, veins, soft green cells, 
chloroplastids, air spaces and stomata, all help to form a per- 
fect food-making machine. 

It is only by possessing chlorophyll that the leaves are able 
to manufacture sugary food. Sunlight is necessary for the 
formation of chlorophyll, as well as for sugar production by the 
latter. Favourable temperature conditions are also necessary, 
as well as an adequate supply of the requisite raw food materials. 
Potassium salts evidently play some part in the photosynthetic 
process, for it cannot proceed in their absence ; similarly, no 
]>laut can turn green unless iron salts are present. By this 
food-making process plant life purifies the atmosphere by re- 
moving carbonic acid gas and replacing it by oxygen. This 
food-making process, which purifies the air during daylight, 
must be clearly distinguished from the plant’s breathing process. 
The latter is always going on and fouls the air whenever photo- 
synthesis is not the more active of the two processes. 

We usually judge of a leafs food-making activity bytesting 
the amount of starch present. This is not the first formed food. 
It is a temporary storage form of sugar when the latter is 
being made too rapidly to be removed from the leaf. Leaves 
are starch free in early morning, they show good starch reac- 
tions in bright afternoons and evenings, and they are rendered 
starch free during the night, so that they may be able to 
carry out the next day’s work of food formation. Starch or 
sugar formation only represents the first stage of the plant’s 
elaborative or formative processes of food making. We find 
fats and proteids in plants ; these necessarily must have been 
made by further chemical changes and successive elaborations. 

In the synthesis of proteid food an incorporation of mineral 
substances (sulphates, phosphates, nitrates) is necessary. These 
substances can only be taken in by the root hairs in extremely 
dilute solutions, hence it is necessary for the plant to absorb 
an excess of water in order to gain the requisite amount of 
mineral matter. The watery excess is got rid of by transpira- 
tion, a vitally modified evaporation going on from the leaves- 
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The upward current, transpiration current, or ascending sap, 
'Supplies the water given off in this way. It may rise as a 
■series of isolated currents or as one of cylindrical form. Its 
rate is subject to much variation consequent on varying condi- 
tions of temperature, illumination, wind and humidity. The 
modifications produced by these agents can be very well shown 
by simple experiments with the potometer. 

6. Flowers and Fruit.— The essential parts of fiowers are 
the sexual organs (stamens and ovaries) and their contained 
sexual ceUs (pollen grains and egg cells). All other parts are 
accessory, being either for protective or attractive purposes. 

By a sexual process, or fusion of two sexual cells, the plant 
Itroduces a descendant which, though small, is endowed with 
^eat potentialities of future development and growth. 

The student should clearly distinguish between vegetative 
and sexual reproduction. In the former variety there is no 
previous cellular (or more correctly nuclear) fusion. In the 
latter the female or egg cells, bemg enclosed in ovules and 
these in closed ovary chambers, are qiiite out of reach unless 
the pollen grains are deposited on the ovary wall and grow 
down to them. Pollination is the placing of the pollen grain 
on the stigma or receptive surface of the ovary wall. Generally, 
the pollen has been brought from another fiower. Cross pol< 
lination of this kind is more advantageous to the plant than 
self pollination, although the latter is preferable to no pollina- 
tion whatever. Plants utilise the wind and insects as their 
normal agents for pollen transference. 

Full aetaUs of the expense to which plants are put to 
obtain pollen dispersal by either of these agents have already 
been given in Chapters xvi. and xvii. It is only necessary to 
■emphasize that plants must pay a price for cross pollination, 
and that in general the advanta^ accruing from it is greater 
than the expenditure of materialto obtain it. The best way to 
study fiowers is merely to consider them as means te a defimte 
end, t.«. seed production. 

The complexity of fioral structures is best interpreted by 
their being regard^ as pollination contrivances, whilst cross and 
self pollination should oe read in the light of seed production. 

Before an ovule can develop into a seed its contained egg 
cell must be fertilised. Ferwsation may be said loosely 
to consist of the fusion of the tip •of the pollen tube witn 
the egg cell; strictly, it consists of the fusion of the 
nucleus of the egg ceil with a nucleus from the pollen tube. 
The egg cell then develops into a young plant, which is 
sometimes embedded in nutrient material, but is always 
covered externally by a ^^rotective seed-coat derived from 
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the oTule wall. The wall of the ovary chamber plays a. 
laree part in seed dispersal, becoming fleshy, woody, pricWy 
or bairy, according to the means adopted for scattering the 
young plants. When the wind is the agent for scattering 
seeds or fruits, we generally find them either small, or if large, 
provided with wing or feather contrivances. Many seeds can 
only be scattered in a high wind, others again require no wind 
at the time, for they are propelled violently from the parent by 
catapult or explosive mechanisms. 

Many plants invite the conscious or uuoonsoiouB aid ofc; 
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animals in scattering their seeds. Good examples of the^ 
latter are the carriage of burrs in the fur of aniiuals and of 
small seeds embedded in the mud on the feet of water fowl. 
Birds are specially catered for as seed scatterers, the seeds of 
the fruits being either small and capable of passing uninjured 
through their digestive tracts, or so large that they are ejected 
from the mouth* The chief animal attractions lie in the colour, 
size, fleshiness, and edible nature of the fruits. 

6. Plant Booloify.— Plants ate only able to exist in a. 
given spot if they can — 
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(a) Fit themselves to the physical conditions. 

(b) B^old their own against animal attacks. 

(c) Successfully compete with other plants growing in the 

vicinity. 

The optimum temperature is very seldom attained, plants 
must frequently survive extremes of heat and cold. The 
temperature is determined by latitude, altitude, exposure, and 
characters of wind and soil. It varies largely even within the 
bounds of a comparatively small area. It varies at different 
depths of the soil, and also with different degrees of shade, so 
we may fairly say that no two plants in the same district are 
subjected to the same temperature conditions. It must be 
borne in mind that the greater tiie divergence of the tempera- 
ture from the optimiim, the more sluggish is the plant jii 
manifesting any one of its activities. The student should 
apply this last statement to just one function {e,g. the photo- 
synthetic) and see what far-reaching effects will follow as a 
natural result from the^ activity being slowed down by a 
divergence from the optimum temperature. 

In their struggle for light and air plants compete very keeuly 
with one another, because their stems and leaves present them- 
selves to the air in the same way. It is the identity of their 
i necessities which renders the struggle for existence so sharp. 

A successful plant always shows certain structural features 
in a more pronounced degree than its less favoured fellows. 
These structural modifications are the identical ones which fit 
the plant for life in its particular environment and which have 
been the direct cause of its success. In no part of 
structure do yre find greater modifications than those by 
me^s of which the amount of water absorbed or lost may be 
i-cgulated. 

The student is strongly advised to group xerophytic and 
liydrophytic characters in parallel columns so that they may 
be contrasted with the character exhibited by any ordinary 
terrestrial plant. He will then see clearly how modification of 
the same part has proceeded in two opposite directions in 
•order to better subserve two opposite functions. One good 
example is seen in the absence or exaggerated development of 
the cuticle in the two biological groups. In ecological w^ork 
no physical condition is to be overlooked. It may have an 
important influence on the performance of some particular 
. plant function. 

If the geological, physical and biological surroundings are 
thoroughly investigate, hidden causes beome quite obvious, 
and throw into stiong relief the fact that a plant can only 
thrive when it places itself in harmonious relationship witb 
its ever varying environment. 
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THE SCIENCE OF THE SOlU 

CHAPTEB XXIV. 


The Formation and Geological Orisrin of Soils. 

l. Soil and SubsoiL—Ko coursa of plant study would bo 
complete without sonic reference to the nature of the soil. A. 
plant derives its food from the soil and the air, whilst an 
animal lives upon food derived from plants. There must, 
therefore, exist in soils, air, plants and animals, substances 
common to all. This leads ns to consider in some detail the 
origin and composition of soils. 

What is soil ? It is the name applied to the more or less 
jiowdered mattmr forming the upper layer of the earth’s land 
surface As a rule the soil is quite shallow, but there is a 
gradation downward into what is called the subsoil, and 
thence to the rock beneath. The subsoil dif^rs from the soil 
above it in texture, colour and composition, while the nature? 
of both the soil and subsoil is largely determined by the 
character and composition of the rock from which they are 
formed. The subsoil Is generally coarser in texture, light^jr 
and brighter in colour, and contains much less plant food 
than the soil proper. This contrast is largely due to the 
chemical processes of oxidation and hydration which take 
place wherever the air penetrates. The variation in colour 
depends upon the degree of the oxidation and hydration of 
the iron which is present in most soils and subsoils in small 
quantities. 
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2. Formation of SolU.— Soils are formed from rocks 
by decomposition and disintegration — processes which are 
generally known by the name of weathering. All rocks alike, 
from the hard crystalline granite to the soft shale, are acted 
upon by the various natural agencies, and sooner or later 
T(‘duced to soil. These agencies are sometimes classed as — 

(i.) Aqueous, or those arising by operations of water. Thi^se 
include the action of rain, rivers and ocean, as well as 
ice action. 

(ii.) Atmospheric, or those operating through the medium 
of the air. 

(iii.) Chemical, or those resulting from the chemical action 
of substances upon each other — especially the action 
of oxygen and carbonic acid. 

(iv.) Organic, or those depending upon vegetable and animal 
growth. 

(v.) Igneous or Volcanic, agencies common only in volcanic 
areas. 

<i.) Aqueous Agencies. 

(a) Water acts both chemically and mechanically. Water 
alone will dissolve several rock-forming minerals, but in 
the great majority of oases the solution is effected 
through the medium of carbonic acid ^as, which is 
dissolved from the air. Thus the rain will soon efface 
an inscriptiou from a marble or limestone tombstone, and 
by the same action many of the mineral components of 
the rocks are decomposed, and hard stone is transformed 
into sand and clay. The mechanical effect of water is 
even greater than its solvent action, especially when 
it carries matter like sand and grit in suspension. The 
action of rivers in wearing down rocks, and cutting 
their channels is evident in every country. A sudden 
heavy shower soon renders the dearest stream turbid 
with particles or sediment derived from the rocks over 
which it flows. The rivers receive this mineral debris 
from the brooks and mountain streams, and carry it down 
into the valleys, and often by flood distribute much of it 
over the plains as an alluvial soil, ill large rivers flow 
during a portion of their course through fertile alluvial 
plains which have been formed by the continuous supply 
of mud brought down from the higher grounds and 
deposited at a lower levd where the river loses much 
of its transporting energy. This is also noticeable as 
the river widens towards its estuary or mouth, where in 
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■many oases an extensive delta has been formed. Perhaps 
the best examples are seen in the Ganges of India, and 
the Mississippi of North America. It is oalonlated that 
the Mississippi carries into the sea about 400,000,000 
tons of mua annually. This would form a block of 
earth 268 ft. in height, with a base of one square mile, 

r ^ ^ 
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The soil brought down annually by the Ganges would 
cover the whole of Wales with a layer of eai-th two 
feet thick. This is irrespective, too, of the immense 
amount which must also oe deposited at various points 
in the river’s course, and, further, it does not take into 
account the amount of matter which if carried in 
solution, some of which sooner or later may be thrown 
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dowD hy precipitation. Tbe Thames oairies past Emg8«» 
ton 19 grains of mineral salts dissolved in every gallon.. 
This is equivalent to ld02 tons every twenty-four nours^ 
or 548,230 tons every year. 

(5) Frost , — Besides the direct action of water, there is the 
power it exerts when it freezes. If water is imprisoned 
in the crevices of the rocks when the frost comes, the 
freezing water acts as a powerful wedge and dis> 
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integrates particles on the surface, or enormous masses 
from the face of the cliff or mountain side. By repeated 
action, the frost will gradually break up and pulverise 
large blocks of rook, especially where the rocx is of a 
porous nature, or where soft and unstable minerals in 
the rock mass weather away and allow the water tc 
enter Ihe crevices. Further the frost acts upon the sol 
itself, and is a most useful natural agent in tillage. 
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Iragmeats of solid rock, which are finally crumbled oi 
reduced to powder. The waves of a rough sea will easily 
“ pick up ” a block weighing ten tons and use it as a 
battering ram against the face of the cliff, a process 
which in the end leads to mutual destruction. The 
writer has witnessed this “ marine artillery,” as Playfair 
called it, on the South Devon and Cornish coasts, where 
in a strong sea, masses of rook of several tons in weight 
are washed about like pebbles. The action of this erosion 
is in most cases entirely destructive, but sometimes the 
debris forms a new tract of alluvial soil. Examples of 
this may be seen in the neighbourhood of the Isle of 
Sheppey, or on the coast of Somerset, where a large 
tract of marine day has been formed, backed by a lint^ 
of hills which probably formed the actual coast line at 
some distant time. 

j(c2) Tee Action . — This is chiefly seen in the case of glaciers. 
These “ rivers of ice creep slowly downward from the 
mountains into the valleys. Glaciers act in two ways ; 

(1) They carry the debris of the mouti tains down to 

lower levels ; and 

(2) They erode their beds. 

When the ice melts upon reaching warmer zones, 
much of the ioe-bome matter is deposited as a 
** moraine,*’ but the stream which issues from the glacier 
is milky or turbid, with Kuspendod matter. Sooner or 
later a great deal of this matter is deposited in the 
form of alluvial soil. In many cases it is carried into 
a lake, and, sinking to the bottom, in the course of 
time it will gradi^y convert the lake itself into au 
alluvial tract. From the end of the Aar glacier in 
Switzerland, it is estimated that 440 million gallons of 
water escape every day, containing 280 tons of suspended 
matter. 

•(ii.) Atmosfheuio Agents. — ^The atmosphere is another 
important factor in bringing about the disintegration 
and decomposition of the rocks. As in the case oi 
water, it acts both chemically and mechanically. The 
oxygen in the air attacks the mineral constituents and 
forms softer compounds, and the carbon dioxide slowly 
converts the harder comx)Oimd8 into soft and seini-solubk 
carbonates. The mechanical action of the air is more 
important than is frequently supposed, the wind acting 
like a sand blast upon the surface of the exposed rocks 
The wind also increases the force and consequent actioi 
of the waves upon the coast of a country. 
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A mere cliange of temx)erat!xre, irrespeetiTe of actual 
freezing, is also an important factor in the formation 
of soil. Most bodies expand under the influence of 
heat, buc few to the same degree. Thus, when a rock is 
composed of sereral minerals which expand differeutly 
through the same range of temperature, the change acts 
more powerfully than when the rock is homoge- 
neous and expands equally in all parts of the mass. 
The range of temperature in England often gives 
a difference of 50^ or 60^ F. between day and night 
records. This change tends to crack the - sur/ace, and 
sometimes the substance of the hardest rocks, and thus 
prepares the way for the subsequent action of the ruin 
and frost. 

(ill.) Ohemioal Aoenot. — ^This has already been referred to 
briefly in connection with the action of air and water. 
The typical chemical weathering of granite will be dealt 
with later. 

(ir.) Oboanio Aobnoibb. 

. (a) Vegetation * — Plants growing where the soil is shallow 
act on the rocks below in several ways. Mechanically, 
by sending their roots into the crevices they wedge the 
rooks asunder as the roots increase in diameter — a force 
far greater than at first imagined. Further, lowly plant 
life generally brings abundapee of moisture, which 
dissolves the carbonic acid, as well as certain organic 
adds, from decaying vegetation, and this easily softena 
the rook beneath and deepens the soil. A small amount 
of acid is generated m the roots themselves, escapee 
from them, and increases chemical action. 

(6) Atwmah* — ^Some animals play an important part in the 
formation of soil, chiefly by opening up the surface and 
allowing air and water to penetrate and circulate more 
freely. The common earthworm feeds on decaying 
vegetable matter, and takes in with his food largo 
quantities of earth. This earth is profoundly changed 
in passing through the body of the earthworm, and 
much of the matter excreted in their castings is in a 
useful form for plant food. Darwin calculated, after 
careful observation, that the earthworms normally 
foimd on an acre of land would pass ten tons of earth 
through their bodies annuallv, bringing up portions of 
the dormant soil (or subsoil) and depositing it on the 
surface in the form of charaoteristicany coiIm castings. 

Pa the same connection Darwin found that in fifteen 
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years a layer of marl had been buried under three inches 
of a fine dark loam by the action of the earthworms. 

Burrowing animals, by throwing up the soil and 
subsoil, serve the same end. In some x^arts of Cape 
Colony wide areas of open country are infested with 
small moledike animals, which bring up the soil and 
bury the growing vegetation under it. It is well 
known, too, that ttie beaver indirectly brings about the 
formation of large tracts of fertile soil, by checking the 
flow of rivers or diverting their channels. In the 
United States, in the neighbourhood of the Rooky 
Mountains, thousands of acres in many of the valleys 
have been converted into lakes. These lakes, intercept- 
ing the sediment carried down by the streama, and 
being invaded by marshy vegetation, have subsequently 
become morass, and finally meadow laud. Goikie says 
that in these regions the alluvial soils of the valleys 
have been modified and extended by the operations of 
the beaver in an almost incredible manner. There is 
also evidence to show that many fertile tracts of soil 
in this country have had a similar origin, beavers being 
quite common in England within historical times. 

(v.) lONBOxrs AND VoLOANlo ACTION.— In volcanic districts 
large tracts of soil have been formed from the weathering 
of the lava, as well as from the volcanic dust which is 
ejected in great quantities. Lava slowly crumbles into 
a fine fertile clay. This is brought about by — 

(а) The rapid cooling of the surface of the lava stream. 

(б) The formation of a cindery porous mass. 

(c) The gradual yielding to the influences of moisture 
and changes of temx)erature. 

3. The Relation of HineralB, Rocks and Soils to 
One Another. — The composition of any soil is largely deter- 
mined by the composition of the rooks from which it is derived, 
as well as the conditions of weathering. But we shall see 
later that although the character of a soil dex^ends primarily 
on the nature of the rocks out of which it has been formed, its 
fertility arises in no small measure from the admixture oi 
decayed animal and vegetable matter with the decomposed 
rook. 

Rooks are composed o! MiNXBAns, which may be 

(L) Chemical elements, in an impure state, like sulphur 
rock. 

B Simple chemical compounds, ike quartz. 

Complex chemical oompounds, like mica and felspar 

19 
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By far the greatest number belong to the last olass. The 
student should endeavour to acquaint himself a lew examples, 

and if possible to obtain specimens. 

Gliss I. Impubx CHBificAL Elbxbnts, e.p. : 

(a) Gbaphitb. a form of carbon found in andent crystalline 
rooks and some old limestones, also as a rock mass. Some 
forms of coal {e,g. anthracite) are almost pure carbon. 

{b) SuLPHUB. Pound in volcanic regions. In Sicily there are 
alternate beds of sulphur and limestone. 

(c) iBON, which occurs in small quantities in some rooks. 
Generally, it is combined with other elements. 

Glass U. Simple Chxmioal Compounds, ap. ; 

(a) Qoabtz, which is extremely common in many crystalline 
and some stratified rooks. It is chemically composed 
of silicon dioxide (SiO^), and is by far the largest con- 
stituent of sandy or gravelly soils. 

(b) H^atitb is a common oxide of iron. Compounds of 
iron may be regarded as the chief pigment or colouring 
matter of the soil and subsoil. 

(c) Pybitbs is a fairly common mineral, consisting of iron 
combined with the element sulphur. As it weathers it 
also colours the surrounding rock or soil yellowish brown 
or red, commonly seen in the disintegration of a chalk 
rock, in which pyrites often occurs. 

{d) Galcitjs, which is crystalline carbonate of calcium (GaCOg), 
It has the same chemical composition as pure chalk, and 
is easily dissolved and redissolved out of the rock by 
water, especially when such contains carbon-dioxide in 
solution. 

Class III. Complex Chemical Compounds, e.p. ; 

(а) Pelsfab, composed chiefly of silica, alumina, with a 
smaller proportion of potash, soda or lime. It is an 
essential constituent of granite and many other crystalline 
rooks. It is softer than quarts, with which mineral it is 
BO often found. An ordinary pen-knife will scratch the 
opaque crystals of felspar in granite, but not the semi- 
transparent quartz crystals. 

(б) Mica is a soft mineral, readily split into thin transparent 

plates. There are two kinds— (a) white, (6) blacl^ mica, 
which are mainly composed of silica, potash and magnesia, 
and can be easily reco^ised in granites by their glistening 
and scaly nature. White mica occurs in many sandstones, 
giving them a silvery appearance. 

Other common rook -forming minerals are Hornblende, Augite, 
Olivine, Talo, Steatite (or soap stone), Serpentine (in Lizard 
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scone). These are chiefly composed of silicates of alnmlilum, 
macmcsiuTO and iron. 

The Student should also endeavour to mahe himself familiar 
^’ith a few of the Common Rooks forming the earth's crust. They 
laay be considered under the following heads : — 

Sandy (or Arenaoaoua) and Fragmental Rooks» e,g , ; 

0L) Sand is an aggregation of water-worn particles derived 
from pre-existing rooks or flinty matter. It is generally 
composed of quartz ecains. 

0i.) Gbavbl is a term applied so tne water-worn fragments 
of rooks. The pebbles, which are quartzose or flinty in 
character, vary greatly in size. Gravel is commonly 
found in the subsoil, its colour depending upon the iron 
compounds present. 

(iii.) Shinolb and Rubblb are terms applied to fragmentary 
formations, but they are more important geologically than 
agriculturally. 

(iv.) Sandstonb is consolidated sand, the particles being 
cemented together by lime, clay, oxide ox iron, or some 
other matter. Most sandstones have been formed under 
pressure. 

(v.) Gbzt is a term applied to a sand rock when the grains are 
sharp and angular, and not water-worn. 

Clay (of Ardillaoeous) Formattona, e,g,: 

(i.) Mud is the term generally applied to the fine, soft sediment 
deposited at the bottoms of seas, lakes, and pools, or as 
alluvial tracts along the courses of rivers. Most of the 
matter has been derived ibrom the rocks by the various 
natural agencies, and it is composed chiefly of fireclay, 
divided ddbris of minerals, with a certain ^mixture of 
vegetable and animal matter. Mudstone is a term used 
for consolidated mud. 

(ii.) Olay is also a fine impalpable sediment from water, and 
consists almost wholly of alumino-silioious particles. It 
is usually tough and plastic— “ heavy,” as the farmer 
terms it. It differs from mud in the absence of vegetable 
aud animal matter. 

(tti.) Silt is the name given to the miscellaneous matter 
deposited in lakes, estuaries, and other comparatively 
still waters. Silt may thus consist of intermingled 
mud, clay and sand, or distinct layers of these, and may 
give rise to soils of first-rate fertility. 

fiv.) Shalk is consolidated mud easily split into layers. This 
laminated or shaly (splitting) structure distinguishes it 
from beds of clay and marl. 
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(t») Slatb is a rook wMoh ia much harder than shale and 
more consolidated. It is a clay rooky bat weathers with 
some difficulty. 

Chalky (Caloareoua) Rocks, e.g, : 

(i.) Limsstonb is a widely applied term for all rocks, the 
basis of which is carbonate of lime — that is, lime in 
chemical combination with carbonic acid. Chalk is the 
name given to the softer and earthier>looking varieties of 
limestone. It gives rise to very shallow and poor soils, 
although it is used to improve heavy soils, because its 
admixture increases the friability. 

(il.) Mabl. — T his term is applied to all friable compounds of 
lime and clay. There are clay marls or marl clays, 
according as one or the other ingredient predominates. 

(iii.) Magnesian Limestones. — Many limestones contain a small 
percentage of magnesia, but those entitled to the term 
must contain over 20 per cent, of magnesia. 

Igneous (Oryatalline) Rooks, ; 

(i.) Gbanite is a granular mixture of quartz, mica and felspar, 
varying in colour according to the presence of dark mica and 
according to the colour of the felspar. When the mineral 
hornblende replaces the mica, the rock is called Syenite. 

(ii.) Basalt is close grained, hard, and compact. It is probably 
of volcanic origin, and often occurs in columns, more or 
less regular, as in the Giants’ Causeway in the North of 
Ireland. 

(iii.) Tbaohyte is a rock nearly allied to basalt, of greyish colour 
and granular appearance. Trachyte and basalt are some- 
times regarded as lavas. 

4. ^hs Weathering of Oranite.-~lt will be instructive 
at this stage to consider in detail the weathering of granite 
— as a type of the formation of soil from a hard crystalline 
rock. 

It has been already mentioned that granite is composed of 
three minerals — mica, quartz and felspar. In the disintegra- 
tion of the rock mass the soft scaly mica is fix's t broken up. 
This allows the air and water to penetrate into the cracks and 
crevices so formed, and by the action of the frost the surface 
of the granite becomes rough and pitted and begins to 
erumble away. The felspar, which is composed of the 
silicates of aluminium, potassium, sodium, and occasionally 
Bme, is decomposed by the chemical action of carbon dioxide 
(CO)) found in the air and water. The CO3 combines with the 
potash (or soda) and Ume to form the carbonates of these 
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olkalies. The insoluble silica (sand) iuid silicate of alumina 
(clay) remain comparatively unaltered. The felspar in the 
rock acts as a kind of cementing agent for the quartz and 
mica, and thus when the felspar has been decomposed the 
quartz and mica remain as a s^d. It is interesting to note 
tnat generally when the granite weathers on high ground 
the resulting soil is characteristically sandy, whilst in the 
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valley below we find a more or less heavy clay which 
mountaih streams have carried down from the weathering 
felspars of the granite rock. 

Soils formed from granites are typically shallow, 
perhaps where they are found on fairly level ground, 
some parts pi Devonshire, , in which case it appears that 
tixe products of decomposition and weathermg-— quartz 
«and, siUcates of alumina and carbonates of potash, soda 


except 
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lime remain to form the soil, generally’ an intennediate soil 
<d good average fertility. Some kinds of gzanites, especially 
those rich in febpw, decompose to a depth of thirty or forty 
feet, forming a soil largdy composed of kaolin or cmina clay. 
Owing to its numerous jointings gpanite occasionally weathers 
into forms that resemble ruined walls. The weathered slabs 
become loosened from the rock mass and slip off and expose the 
lowfiT parts of the rock to the same disintegrating agencies. 

5. Tha Geolo^oal Origin of Soil8.^All rocks, whetlicr 
hard, igneous and crystallme, like granite, or soft, aqueous and 
amorphous, like shale and limestone, are thus acted i^n and 
produce characteristic soils of varying fertility, l^rom an 
agricultural point of view the aqueous rocks are of far greater 
importance than the igneous rocks of Britain. A geolofi^cal 
map is of great service in indicating the general na^e ox tlio 
soil in any locality. It must be remembered, however, that 
the soil which has been derived from the formation shown 
by the geolo^cal map, is often masked by alluvial deposits. 
This is especially noticeable in the neighbourhood of East 
Yorkshire, Lincolnshire and the Wash, as well as along the 
courses of the larger rivers. The natoe of the soil formed 
from the rock is often modified too by the presence of organic 
matter. This will be oonsidered later. Drift soil formed and 
deposited by glaciers in past ages also masks the true forma- 
tions. Commonly, these drift soils exhibit all the character- 
istics of a stiff clay, while the subsoil is of quite a different 
nature. In the East of England the natural soil is much 
modified by the presence of glacial deposits. The admixture 
of clay with the lighter and looser soils of the district forms 
an excellent soil for arable farming. 

Thus, while it is extremely instructive to consider the 
stratifiied formations in the ^ological and chenucal origin of 
soil, the greater truth regarding the natime of the soil in any 
locality is to he ascertamed by reference to a map showing 
the alluvial and drift deposits. 

The stratified or aqueous rocks occupy nearly the whole of 
our island, the igneous rocks only covering small patches. 
They are divided socording to their superposition or order of 
succession into primary or first formed, secondary or second 
fonned and tertiary or third formed. They normally occur in 
this order, and the following table will be very useful to the 
student since it concisely shows the order of superposition of 
tho principal stratified formations of England. We xtropose 
to deal briefly with fhe characteristic soils derived from these 
formations, while giving the locality in which they are best 
developed. 
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aaours. 

Fobxatiokb. 

SVSTniCS. 

Allnvlal and Peat Soils, 

Olaoial Peposlta 

!• Beoent, 


Newex Pliocene. 

Older Pliooeaa 

Upper Eocene. 

Middle Eocene. 

Lower Eocene. 

\ PUooeBSb 

1 Eocene. 

. Tertiary. 

Upper White Chalk. 

Lower White Chalk. 

Upper Greensand. 

Gault. 

Lower Greensand. 

Wealden. 

• Oretaoeons. 


Pnrbeok Beds. \ 

Portland Stone. I 

Kimineridge Clay, i 



Coral Bag. ) 

Oxford Olay. f 

Oolltio 
> or 

Jurassic. 

1 Secondary. 

Cornbrash. \ 

Great or Bath Oolite. \ 

Inferior Oolite. ) 


Lias Marls and Shales. 

Lias Limestones. 



Upper Trias. 

Lower Trias. 

!> Triassio. 

- 

Magnesian Limestone. 

Permian* 

> 

Goal Measures. 

Millstone Grit. 

Carboniferous Limestone. 

1* Carboniferous. 


Upper Devonian. 

Middle Devonian. 

Lower Devonian. 

\ Devonian or 

\ Old Bed Sand- 
' stone. 

. Primary. 

Upper Silurian. 

Lower Silurian. 

Silurian. 


Slates and Grits. 

Cambrian. 



6. Agricultural Charaotars of tha Formations Con- 
aiderad According to tha aboua Table:--- 

I. Recant, 

{a) Alluvial and Peat Soils. Alluvial soils accompany the 
oourse of rivers and occur especially at their mouths. 
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deltas or estuaries. Good examples are met with In South- 
East Yorkshire, North Idncolnsbire, the Fen district and 
Bomney Marsh. There are remarkably fine alluvial soils 
around Boston, Spalding, and Long Sutton in Lincolnshire. 
Good examples of peat soils are also found in Lincoln- 
shire, as well as in Bedfordshire, Cambridgeshire and 
Huntingdonshire. 

(b) Glacial Deposits. These have already been referred to 
as masking the underlying rocks. It is only when mixed 
with other soils that they can be described as fertile, the 
actual deposit giving a poorer soil than might be expected. 

II. Tertiary Formations. 

(a) Pliocene, represented by the Sufiolk crag which forms a 
narrow strip of fertile land in the south-east of Sufiolk. 
When blended with the soils of the “London clay ** (lower 
Eocene) gives a particularly fertile soil. 

{b) Eocene. Marine and freshwater clays, marl and lime- 
stones represent the upper and middle Eocene in the 
northern part of the Isle of Wight, while the lower Eocene 
is represented by the London clay formation, which yields 
a soil of tenacious brown and bluish grey clay found in 
South-East Sufiolk, most of Essex, North Kent, South 
Berks, South Hampshire, and covering nearly the whole 
of Middlesex. Being a very heavy soil it is expensive to 
work, but may be much improved by application of chalk, 
which is often in the vicinity. When so treated it makes 
excellent wheat land. Much, however, of the London 
clay is left as grass land. 

III. Secondary Formation*. 

(а) The upper and lower Chalks give good sheep land, but a 
great area remains undeveloped. When there is any depth 
of spil it is of moderate fertility, and is well suited for 
corn, clover or other leguminous crops. Fairly- productive 
soils derived from the chalk exist in Yorkshire and 
Lincolnshire (the Wolds), Norfolk, Suffolk, Herts, Essex, 
Cambridge, Bucks, Oxon, Wiltshire, Hampshire, Dorset, 
Sussex, Surrey and Kent. 

(б) The upper Greensand weathers into a very fertile soil, and 
is improved by admixture with the marls of the lower 
Chalk. 

Good soils are found in Bedfordshire and Kent (fruit 
and hop district). 

(c) The lower Greensand is very unproduotiva, an,d occurs in 

Kent, Surrey, Sussex and Devon. It generally forms 
barren heaths. 
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(<2) The Weald olay of Surrey, Kent and SuMex !i a fine 
grained clay, difficult and disappointing to work. Gives 
good woodland and some pasture. 

(s) The upper Oolite is chiefly represented by the Kimmeridge 
clay, which gives the excellent pastures of North Wilts 
and the vale of Aylesbury. It forms a baud of fertile 
soil from the west of Dorset to the north of Norfolk, 
and is found in parts of Lincolnshire and Yorkshire (in 
neighbourhood of Scarborough). 

(/) The middle Oolite is represented, agriculturally, by the 
Oxford olay, which blends with the Kimmeridge clay, and 
has a similar outcrop across the country in a north-west 
direction. The Oxford clay is, however, “poorer” than 
the Kimmeridge olay. but fairly fertile tracts are found in 
Hunts, Beds and Bucks, Oxon and Wilts. As it is ex- 
pensive to farm as arable land, it is often left as pasture. 

(g) The lower Oolite rooks weather into several types of soils. 

The Gornbrash yields good land. The great Oolite and 
inferior Oolites give light soils suitable for barley or pasture. 
There is a rich tract of land in Northamptonshire derived 
from these Oolites. They also form fairly good land in 
Oxfordshire, Wilts and Somerset (sandy loams). In 
Gloucestershire they constitute the Ootswold Hills, where 
the soil is poor and only fit for sheep farming. 

(h) The Lias formations are represented by dark bluish clays 
of very good quality. Sometimes, however, they are heavy 
and rather difficult to work. They are then left for pasture, 
as in Leicestershire. The Lias clays form fertile districts 
in Yorkshire, especially in the Cleveland district, Notts, 
Warwickshire and Worcestershire. In Somerset the land 
is most fertile. The vales of Gloucester, Evesham, and 
Berkeley are characteristic examples of Lias olay soils. 

(t) The Trias formations are also important agriculturally. 
They form a deep red rich soil in West Leicestershire and 
Warwickshire, the “Vale of York’’ and the “Garden 
of Derbyshire.” Excellent land in Worcester, Shropshire, 
Cheshire and West Lancashire is also of Triassio origin. 

PrimaFy Formations* 

(a) The Magnesian limestone is not important. It is not well 
represented in England, and only forms poor soils, which 
are often covered by drift olay (especially in Durham). 

(b) The Coal Measures consist of alternate beds of hard bluish 
black clay and silicious sandstone, which invariably yield 
soils of inferior agricultural quality. 

<c) The Mountain Limestone forms the greater part of the 
surface of Northumberland, a considerable part of Durham 



Pltiiraf tTDDT. 




West Torkslilre Mid Derbyshire. Much of it is nocsuiti- 
vated and belongs rather to the picturesque portions of 
the country than to those devoted to farming. 

(d) Devonian and Old Bed Sandstone soils yield first-rate wheats 
hop, and fruit land in Hereford, Devon, Oornwall, Mon- 
mouthshire and South Wales. 

The “ Cornstones” give soils of great fertility, while 
Upper and Lower Devonian soils are often worthless anu 
barren, 

(e) Silurian and Cambrian formations frequently yield land of 

fair quality, but generally in inaccessible positions, such 
as in the mountainous regions of Wales, the Cumberland 
Lake District, and the North of Scotland, They are, 
therefore, of little or no Importance to the farmer. 

Generally speaking, the hard rocks weather slowly, and 
therefore stand very high, forming the hills and mountains of 
the country. This land is not viduable for farming purposes, 
because of the difficulties of transit as w^ell as the thinness of 
the soil. Soft rocks are generally low-lying, they weather 
readily and form deep soils. It should be remembered that 
the lighter soHs are more profitable agriculturally than the 
heavy clay soils which are fairly common in our country. 
Where soils derived from two formations are mingled, the 
land is generally more fertile than where either soil occurs 
alone. Further, farming operations may greatly improve a 
soil ; thus many of the well-known clays in Ebglimd, when 
cultivated form fairly rich com lands. The seven most impor- 
tant days are the l^s, Oxford and Eammeridge clays of the 
J urassio series ; the Weald and Gault clays of central Sussex 
and Kent, and the Lonaon and Plastic <^y8 of the Tertiary 
FormationB. They have also been referred to above. 

SUMMARY. 

Soil is the name applied to the more or less powdered matter 
forming the upper layers of the eaorth's land surface. 

Sabaoil differs from soil in texture, colour, composition and 
character. It is further described in the following ohapter, 
under ** The Fertility of the Soil ** (wbioh see). 

tBkiila are formed by the decomposition and disintegration of 
rocks, i.e. weathering. The chief agencies are: aqueous, 
atmospheric, chemical, organic and volcanic. 

Mlaerala are composed of chemical elements and compounds. 
They are inorganic, but naturally formed. 

.MlneraJa form Rooks, and Bocks form Soils. Organic matter 
sooner or later becomes mlsed with the rook soU. 
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Common mnorals may bo olautflod as :•> 

(i.) Simple elemente, like Graphite and Sulphor. 

(ii.) Simple oomponnds, like Qoatte and Pytitei, 

(iii.) Complex oomponndi, like Felspar and Mioai 

Common Books may bo olassiflod as:— 

( (a) Sandy rooks, e.p. Gravel, Sandstone. 

1. Aqtims • (b) Olay rooks, «.g. Mud, Shale. 

t (o) Chalky rooks, «.g. Limestone, Marl, 

3, Igneous (d) Crystalline rooks, e,g. Granite, Syenite. 

All rooks, whether (soft) Aqueous or (hard) Igneous, produce 
oharacteristic soils, but many of the ingredients may he washed 
away and deposited elsewhere. 

A Geological map to be of use to the farmer must show 
Alluvial and Drift deposits. The Stratified formations, where 
not BO masked, form oharaoteristio soils. The student should 
mark the position of the most Important of these on a blank 
map of England and Wales. 





CHAPTER XXV.» 


The Composition and Character of Soils. 

Soils may be considered under the following heads^ viz. 

I. Their chemical composition. 

II. Their physical character and properties. 

III. Their productive powers. 

1. Chemioal Composition.— The chemical composition 
of soils varies, not only because they are formed from different 
rocks, but because of me further effects of weathering, agricul- 
tural operations, and the admixture of organic or vegetable 
matter. The following substances are found in var3ring pro- 
portions in aU fertile soils: — 

Organic matter. 

Silicious matter. 

Alumina. 

Lime. 

Potash and Soda. 

Oxide of Iron. 

Phosphoric Acid 

Sulphuric Acid 

Hydrochloric Acid 

Carbonic and Nitric Acids 

We shall consider these again when we deal with plant food 
present in the soil, the amount of which is not indicated by a 
chemical analysis of the soil as a whole. The most variable of 
the above substances is the organic matter, which varies from 
two per cent, in poor sandy soils to ninety-eight per cent, in * •* 

*tQ this and ti&e following chapters "Plant Food is used In the sense of 

•* raw food nMtarial " deilred from tlio toll tn order to be elaborated by the 
plant into its true food. 


I In chemical 
I combination. 
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•ome p^ts. Too much importance cannot be g^ven to the 
proportion of organic matter present: this will become 
evident as we proceed. 

The amount of silicious and chalky matter also varies from 
one to ninety per cent. For the silicious matter to be of any 
value it must exist in a soluble form, in which condition it is 
always found in a fertile soil. 

A short study of the important table below, giving the 
chemical composition of typical soils, will at once show how 
greatly the proportion of the different constituents varies. 

TABLE I. 


Percentage Gompoeition of Soils. 



A. 

Poor Sandy 
Soil. 

B. 

Fertile 

Loam. 

C. 

Fertile 

Clay. 

D. 

Poor Peat 
Boll. 

Organio Matter 

1*06 

6-36 

7-06 

87-97 

Silicious Matter 

96-30 

(All insol.) 

78-24 

(3%bo1.) 

60-23 

(Trace sol.) 

10-08 

(Varies 

greatly). 

-53 

Alumina and Oxide ollron 

1-82 

7-07 

17-65 

Jbime and Magnesia 

*80 

8-63 

842 

•62 

Potash and Soda 

•30 

8-42 

4-42 

-89 

Salts of:— 

Phosphoric Acid. \ 
Sulphuric Acid. i 

Hydrochloric Acid. ) 
Carbonic Acid. \ 

Nitric Acid. ) 

•22 

2-88 

2‘22 

•67 

100 00 

100-00 

10000 

100-00 


It is interesting to compare these figures with the percent- 
age chemical compositiou of a typical rock. The following 
table (II.) gives at a glance the chemical constitution of 
ordinary granite, while Table III. gives its percentage com- 
lK>sition, also that of syenite rock, {See page 302.) 

These rocks weather into fertile soils fairly well represented 
by the soils B and C dealt with in Table I. The student should 
compare the percentage compositions. Of course, it must 
be borne in mind that the soil will always differ more or less 
from the rock in composition because, as we have alr^dy seen, 
in the process of weathering the more soluble constituents of 
the rock will be dissolved away, and the finer matter, like the 
alumina, will be transported mechanically, so that the soil 
remaining will show a lower neroentage of soluble salts and 
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TABLE n. 

Compoaition of Oranito. 


BZiBMSNTa 

OOMPOUNUS. 

MtNBBAIiB. 

Rilioon (Rl) ) 

Oxygen (0) / 

Silica (SiOa) 

Quarts 

Silicon (81) 1 

Oxygen (0) 1 

SUica (SiO^) 


Alumininm (Al) 1 
Oxygen (0) / 

Alumina (AlaOa) 

Felspars 

1 

Potass! am (K) 1 

Oxygen (0) j 

Potash (EaO) 

Galciam (Ga) 1 

Oxygen (0) f 

Lime (GaO) 


Silicon (81) ) ! 

Oxygen (0) f 

SUica (SiOa) 


Aluminium (Al) \ 
Oxygen (0) j 

Alumina (AlaOs) 


Magnesium (Mg) ) 
Oxygen (0) j 

Magnesia (MgO) 

. Micas 

Potassium (E) 1 

Oxygen (0) I 

Potash (EaO) 


Iron (Fe) \ 

Iron Oxides 


Oxygen (0) J 

(FeO and FoaOs) 

/ 


TABLE in. 

Percentage Chemical Gomposition of Granite and 
Syenite. 



QBA2um 

Sybnitb. 

Silica 

720 

59*3 , 

Alumina and Oxide of Iron 

17’5 


Lime and Magnesia .. 

21 

■M 

Potash and Soda .. .. •• 

8‘4 

■■ 


1000 

1 100*0 


other substances. The presence of vegetable matter in a soil 
will also indicate that some soluble portions of the soil have 
been withdrawn as plant food. The insoluble matter, however^ 
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is always J acted upon by weatberinj processes similar 
to those which pol'v^rise the rooks. Oultiyation of the soil 
assists g^reatly in this action by exposing it to the air and 
render^ soluble the insoluble matter, whioh thus becomes 
available for plant food. 

Humua.—This is the name given to the decomposing 
vegeteble matter present in the soil. It plays an important 
part in the formation or production of plant food. 



nate xrii/.— B bbches with thbxr uhabaotbbibtio juavk or 
UNDEBOBOWI'H. 


The organic matter present in the soil varies greatly in 
amount, but it is very rarely absent in a fertile soil and in peat 
it often composes the entire mass. It is the hunnis which 
imparts to the soil, especially in the case of loams, its dark 
bro^^m colour; in fact, the two chief pigments are 
(i.) 'The humus, or organic matter. 

(ii.) The compounds of iron present. 

Humus may be described as a dark brown, SDft, porous 
substance, consisting chemically of (a) organic adds, lilie 
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ulmic, geic and humic acids, which readily decompose into 
carbonic acid, and of {h) ammonia, water and nitric add. It is 
seen in the state of greatest purity in well-rotted leaf mould. 
Its value in the sou must not be overlooked, although some 
regard its presence as an effect rather than a cause of fertility. 
A rich soil suitable for the growth of plants cannot fail to 
accumulate vegetable matter. On the other hand, many soils 
nearly devoid of humus are comparatively fertile, for example : 
those formed from the weathering of lava formations and 
volcanic dust. It is a well-known fact that land adapted for 
the growth of timber will yield many tons per acre of wcwd 
for a number of years, after which the soil will be much richer 
in organic matter than it was before. One will remember the 
thick carpet of deca3dng leaves which replaces the under- 
growth in a beech wood. Both here and later on, when 
dealing with the fertility of the soil, we shall find that we 
must not regard the soil as a mere mass of powdered rock, but 
as a complex mixture of inorganic and organic matter, the 
result or product of various forces and conditions largely 
modified, and in many cases induced, by the presence of animal 
and plant life. Frequently soils, too, are veritable grave- 
yards of countless generations of animated nature.” 

The Amount op Obganic and Inoeganic Matter 
Peesent, — This may be ascertained by the careful burning of 
a known quantity of dry soil in a crucible. In this simple 
chemical experiment, the organic part is burned away and 
the inorganic part remains as the ash. 

The following percentage results are obtained for typical 
Bods: 



Abb: Iboboakio. 

! 

Oboanio Matter 

Fertile Soil: Loem or Olay .. 

W--97% 

7-3% 

Soil of Intermediate Fertility 

08-99*6% 

8~*6% 

Poor Soils 

93 * 6 - 1000/0 

•5-0% 


In cultivation, the soil should be thoroughly exposed to 
the air so that any organic matter present may be oxidised, 
with the formation of carbonic acid gas. Nitric acid is also 
formed from the humus, perhaps not directly by a chemical 
oxidation, but most probably by the action of the nitx^ying 
bacteria or germs, which convert the nitrogen present, first 
into ammonia and then into nitric acid. These bacteria, which 
are present in enormous numbers in fertile soils, set up under 
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favourable conditions what may be regarded as a kind of 
fermentation which leads to the formation of plant food. 
Probably, acids are formed which combine with the bases 
present in the soil, the nitric acid produced giving the valuable 
nitrates, which are immediately available because of their 
marked solubility. The iiiree conditions which favour this 
fermentative and nitrifying process are : — 

(i) A suitable temperature. 

(ii.) Abundance of air. 

(iii.) Abundance of moisture. 

Want of exposure of the soil to the air leads to the jpartiaX 
decomjjosition of the humus or vegetable matter, and to the 
formation of various injurious and organic acids which remain 
uncombined and unneutralised, and thus give a characteristic 
and deplorable sourness to the land. 

2. The Physical Character of Soils.— Here we shall 
consider the character of soils generally, as dej)ending upon 
particular properties, which will be dealt with later. 

Most soils consist largely of sand and clay, and as these 
substances differ much in physical properties, we shall expect 
to find oorresjjonding differences in the character of any sod 
according to the proportion of sand and clay present. The 
evident properties of sand and clay are set out in the following 
table, and these characteristics are naturally transmitted to 
the soil in which one or the other predominates. 


Sand. 


Clay. 


1. Little adhesion. 

2. Cannot be moulded. 

3. Firm, hard and gritty to touch. 

4. Holds little or no water. 

5. Little power of holding 

fertilisers. 

fi. Composed of insoluble silica. 

7. When dry, does not crack. 

fi. “Light** and easy to work 
with horse labour. 


1. Much adhesion. 

2, Can easily be moulded. 

8. Soft and plastic to touch. 

4. Holds much water. 

5. Much power of holding 

fertilisers. 

6. Contain double silicatHS. 

which yield soluble silicH. 

7. When dry, cracks and injures 

roots. 

8. “Heavy** and expensive to 

work. 


Kikds of Boils: — 

|i.) Sandy Soils have a loose open nature, which enables the 
plsmt to send its roots easily in search of food. As 
there is litUe adbesicn, they are said to be ** light 
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soiU and easy to work. Sandy soils, however, Jtiave* 
little power of holding fertilising matter, so that their 
cultivation is often disappointing;, as even when manure 
is applied they do npt fix or retam the plant food readily. 
Sand itself cannot become a plant food, as it is alto- 
gether insoluble, and by the majority of plants it is not 
required. Com crops obtain their silica almost solely 
through the agency of the douKLe silicates, which are 
altogether wanting in sandy soils. 

(ii.) Clay Soils are, as a rule, more fertile than sandy soils. 
For one reason, they are rich in double silicates, ^ese 
important douUe silicates of alumina consist of silica 
combined with alumina, and some other base, like soda, 
potash, lime or ammonia. Clays have the power, too, 
of holding both mechanically and chemically the fer- 
tilising constituents of manure. Being of a plastic 
sticky nature they are difficult to work, and are often 
spoken of as ** heavy soils** because of this. It is 
interesting to note, however, that bulk for bulk clay is 
lighter than sand. Since clay soils tend to hold water, 
they always require thorough drainage. 

(iii.) Calcareous Soils are those which contain much chalk 
or lime. They are found in the Cretaceous, Oolitic and 
other Limestone areas of England, and are generally 
light in colour, dry and warm, and capable of producing 
good root crops when there is sufficient soil, or of 
forming excellent pasture land. 

(iv.) Looms. — This name is applied rather loosely to soHs, 
which possess about equ^ quantities of sand and (^y. 
Lime is often present also, and when it is so to any great 
extent, the soil is known as a Calcareous Loam. The 
organic matter present imparts a characteristic dark 
colour to the sou. Loams are generally fertile, and' 
under a good system of cultivation, are suitable for 
almost any kind of plant life. 

KeohanioaIi Analysis. — ^It is an advantage sometimes to 
ascertain the relative proportions of sand and clay in a given 
soil. While the chemicm luialyris of a soil presents the greatest 
difficulty to the average student and requires a thorough 
knowledge of chemistry, a mechanical analysis may easily be 
carried out. It depends upon the fact that when a soil is well 
shaken up with water, the clay, because of the fineness and 
lightness of its particles, will remain longer in suspension than^ 
the sand. 

The given soil, from whiab all large stones have been* 
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cemo^ed, is therefore shaken up with water, and the mnddy 
water decanted to another vessel and allowed to settle. By 
continuing this process once or twice the sand and clay may 
-easily bo separa^d. The clear water can be poured away (or 
if it remains cloudy it can be filtered), and after boiling off the 
'remaining water and drpng the residue, the relative amounts 
of sand and clay may be roughly ascertained by weiglung. 
From the results of wimilftr experiment, soils have been 
.classified as follows: — 


8andy Soil . . 


Peroentaga 
of Sand. 

80-100 

Percentage 
of Clay. 
20— 0 

Sandy Loam . . 


60— 80 

40—20 

Loam . . 


40—60 

60—40 

Olay Loam . . 


20- 40 

80-60 

Clay Soil .. 


0— 20 

100—80 


These numbers may easily be remembered. Let us enquire 
•what crops are best suited to the different kinds of soils ? 

(i.) ** Light ** soils are best suited for the growth of barley, 
turnips, green crops and rye. 

(ii.) ** Heavy” soils for crops of wheat, beans, swedes and 
mangolds. 

(iii.) Calcareous soils for the growth of clover, peas and beans. 

(iv.) Loams, for almost any crop. 

(v.) Peaty soils favour the growth of oats, rape, and potatoes. 

Lime akd Limino. — ^W e have already seen that lime is an 
‘important constituent of the soil, and it is an ingredient of 
all cultivated plants. The high proportion of lime which 
•occurs in the ash of many plants to a certain extent indicates ite 
importance as a plant food, while there can be no doubt as^ to 
■the great benefit which the land derives from its application 
— a process which is called liming, > ^ « 

T iiTnft IB applied in two conditions ; — {i.) raWp m the form of 
chalk or marl ; (ii.) prepared, when it is prepwed by burning 
oolitic, magnesian, mountain, or ordinary limestone. The 
effect of heat upon these limestones is to drive off carbon 
dioxide and to leave the limestone in a highly porous, caustic 


and active state. v j i. ^ 

As lime is constantly being withdrawn and w^ea ont ot 
the soil, it often requires renewal. It has been estimated that 
-twenty tons of tnmiM will (^ry off 
•of clover, about 8(Hbs., and twenty-five 
1 Sulfas on an average for farm crops, of over 200ib8. per acre. 

In^ lime should be administered every three years ; 

on farm lands about every eight or nine years, accordmg to 
ihe nature of the soil and the crops grown. 
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It is especially beneficial in three oases 

(i.) When the soil is deficient of it. 

(ii.) In the farming of “ heavy *’ clays. 

(iii.) In order to sweeten “ sour ** land, or to improve peaty 
soils generally. 

In practice the prepared (or burnt) lime gives the best resixlt. 
It is applied in what are called ** dressings of three, six or 
nine tons per acre, according as the soil is light, intermediate, 
or heavy. In the garden it is generally applied in the winter 
time, in the slaked condition, or as a fine powder. The 
careless scattering of coarse lumps is not so efficaceous, and is 
to be deprecated. Half a pound to the square yard is the 
outside limit ; if this is exceeded, plant life is often injured. If 
possible, it is always best to apply the dressing when the ground 
is bare. Gas lime is sometimes substituted, but it should be 
used with caution, owing to its admixture with compounds 
poisonous, or at least harmful to plant life. 

In this connection the student may be asked the following 
questions: 

Why are our gardens and fields infested with harmful 
insects and grubs ? 

Why do our vegetables, especially the peas, lose their bright 
green leaf ? 

Why is the application of other manures ineffectual and 
disappointing ‘t 

In brief, it is because we are apt to overlook the necessity of 
liming or marling. 

Let us summarise the use of Ume on the soil 

(a) It combines with organic and other acids and sweetena 
sour land. 

Q)) It acts in combination, as an important plant food. 

(c) It decomposes the double silicates of the soil and seta 

free the alkalies, potash and soda for plant food, and 
thus renders dormant matter active. 

(d) The use of lime is favourable to the production ot 

nitrates, especially nitrate of potash. It also reacts 
on farmyard manure in this direction. 

(s) It improves the texture of the soil by making it more 
porous and allowing the free passage of air. 

(/) It destroys harmful insects and grubs and lessens the 
possibility of disease. 

{g) It improves the absorbing powees of some soils and is 
used with advantage to uiis end on light, unfertile,, 
sandy soils. 
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3. The Physioal PFopertles of Soils.— These arc as 
follows : — 

(i.) Porosity, and the power of absorbing water and gases, 
(ii.) Capillarity, which depends almost entirely on its porosity, 
(iii. ) Power of retaining fertilising matters and plant food, 
(iv.) Thermal properties, as shown by the temperature of the 
soil, tinder varying conditions. 

(v.) Drying or evaporation power. 

(vi.) The density of the soil. 

We will consider each of these briefly. 

(i.) Porosity of the Soil.— This may be measured by the 
flneness of the particles; thus a coarse sand is less porous 
than a finely-grained clay or any powdery soil* It is 
owing to this porosity that the soil can retain sufficient 
moisture for the vegetation growing upon it. It enables 
the soil to furnish the plant with food during dry periods. 
By experiment it may be proved that during twelve hours 
of night : 

1000 lbs. of Sand absorb about 2 lbs. of water. 

,, M „ Sandy soil „ „ 10 ,, „ 

,, ,, ,, Loamy soil ,, ,, 20 ,, >. ,, 

„ „ „ Clay soil „ „ 30 „ „ ,, 

„ „ „ Peat soil „ ,, 40 „ ,, ,, 

and absorb^; power. We s^all further see, under Section 
3 below, that by this property, assisted by others, soils 
are enabled to retain the fertilising matters of manures, 
with sufficient tenacity to overcome the tendency of rain 
water to wash them out of the soil. The fertility of well- 
drained day soils is largely due to their high degree of 
porosity. Looking at the question in a more practical 
way, a sandy soil for which thirty shillings per acre was 
paid absorbed during the twelve night hours about 
10 lbs. of water per 1000 lbs., while a soil for which 
forty-four shillings per acre was paid absorbed 15 lbs. 
of water per 1000 lbs. The latter land was corres- 
pondingly fertile. Of course it will be understood 
that otW pro|>erties, conditions and characters help to 
determine the fertility ; these will be dealt with later. 

(ii .) Capillarity of the Soil. — ^This phenomenon has already 
been explained. We have seen that the water rises from 
the saucer, up through the mould in the flower-pot to 
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tbe roots of tbe plant, Hko tea rises in a lump of sugar. 
Tbe same action talres place in the soil, and from what 
has been said above, the amount of capillarity depends 
upon the natural porosity of the solL It is low in sandy 
soils and high in clays, loams and peaty soils, for the 
effect of the force varies directly as the number and 
inversely as the size of the pores. Interesting ex- 
periments may be carried out by filling ^flass tubes with 
different kinds of soil in various conoitions of fineness. 
A column of finely-divided clay will become wet 87 inches 
above the level of the water in which it is dipped. If 
the clay is replaced by sand the water rises to 28*7 inches. 
Loams will carry up the water to nearly the same height 
as the clay — in the one examined in tms experiment, to 
84*5 inches. If coarse fragments, stones, etc., are intro* 
duced into the tubes the soils ^come wet only to a 
height of nine or ten inches. While this property tends 
generally to enhance the fertility of the soil, by keeping 
it moist, in some cases the action produces injurious 
results by bringing up sour and harmful matters from 
the subsoil. 

<iii.) Power of Absorbing and Holding Fertilising 
Matter. — This property is partly mechanical and partly 
chemical. It may be easily demonstrated that watery 
solutions of ammonia, potash or soda, salts and soluble 
phosphates, after passing through ordinary soils are 
robbed of ^most the whole of these substances, which 
are known to be most imx>ortant plant foods. They are 
held back by a kind of physico-chemical process, and 
are retained even after the soil is ‘^washed** two or three 
^ times with water. It is found that liquid manure which 
" is often of a dark brown colour when it filters through 
the soil, reaches the subsoil almost entirely decolorised 
and purified — a fact which is made use of in sewage 
farming. The soil thus seems to have an afBnity for 
certain salts— the essence of fertilisia^ agents— and to 
fix and retain them until they are required by the plant. 

'{iv.) Thermal Profertiss.— The warmth of the soil is an im- 
^rtant factor in its fertility. The student will remember 
^t plant growth is much inftuenced by the temperature 
of the soil. Soils vary greatly in their powers to absorb 
and retain beat. These propl^ies depend upon : — 

(a) The colour of the soil 
(h) Its heat capacity. 

(c) Its conductivity. 
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From this it wiQ be seen how it is that all kinds of land 
are not raised to the same temperature when exposed for 
a giv^ len^h of time to ihe same amount of heat or 
sunshine. Generallj^ speaking, the darker the colour of 
the soil the warmer it will be, because it absorbs more 
x^t than a light-coloured soil, which reflects it. But 
the soil’s heat capacity chiefly depends upon its con- 
stituents, Sandy soils are warm, while clayey soils are 
often cold, irrespectiye of their colour. In the latter case 
the sun’s heat is used to warm and evaporate the water, 
which is held by virtue of the porosity of the clay. It 
must be remembered that the beat capacity of a soil — 
that is, its power for absorhiny heat — is profoundly 
modified by its power of retaining heat ; this is greatest in 
sands and least in organic soils. Can you devise a simple 
method for comparing the heat-absorbing and heat- 
retaining powers of any given soil, and also its conductivity 
for heat ? 

(v.) Evaporation Power, — ^The water held by some soils 
passes off into the air far more rapidly than in others. 
This has important bearings on the temperature of the 
soil. Sands not only possess little capillary and absorb- 
ing power, but as soon as they become moist they tend 
to become dry again quickly, by evaporation. Hence, 
as we have seen, sancm form warm dry soils and the 
vegetation growing on them is soon burned up in hot, 
dry seasons. On &e other hand, in a rainy district the 
sandy soil produces luxuriant vegetation. Clays make 
the best use of little moisture, but often where heavy 
rains are frequent they become cold and waterlogged, 
and the plant-life is consequently poor because of the 
excess of moisture, which, among other things, interferes' 
with respiration in the plant tissues. 

(vi.) Density op the Soil. — ^This depends upon the- 
density or relative weight of its coD8tituents~-chiefly 
upon the proportion of sand and clay present. The 
student must remember that the terms “light** and 
“heavy” as applied to soils have no reference to their 
actual density or weight, for a “ heavy clay '* is bulk 
for bulk lighter than a “ light sandy soil.** The terms 
refer to the ease or difficulty they offer in cultivation. 

At first sight the weignt of a soil seems quite un- 
important, but it is often necessary to take it into 
account when calculating the amount of any constituent 
in i^Pon area. 

Tne presence of stones will, of course, affect the 
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d6aisity» and wlien they exist on the surface of the soil 
they modify its properties to a certain extent by pre- 
Tenting evaporation and the radiation of heat. There is, 
however^ some diversity of opinion as to whether the 
presence of stones tends to make the soil warmer. Stones 
break the force of the wind, some may be regarded as 
continually yielding new soil under the action of the 
various disintegra^g agencies; they certainly aid in 
the passage of water through the soil, and in many eases 
make an otherwise heavy land cheaper to work, so that 
it is generally agreed that by removing the stones from 
the land (except perhaps in flinty districts) its value is 
diminished from an agricultural standpoint. 

4. Fertility of the Soil.— A complete chemical analysis 
of the soil shows that there is a large surplus of plant food 
present — suflOlcient in many cases for hundreds of crops. Yet 
in practice, unless the soil is enriched with manure every year 
the yield almost immediately falls off. Why is this? It is 
because of the great difference between the total plant food 
and the total available plant food present in the soil. On this 
point the farmer and the chemist have often been brought 
into antagonism. The chemist’s results of so much silica, 
lime, potash, etc., are almost useless, unless he states what 
percentage of them is in a soluble condition. A far simpler 
analysis is of the greatest service to the farmer, and this aims 
at finding the amount of available plant food present which is 
soluble in the soil water or in the weak acid sap which has 
come out from the root hairs. If a known weight of dried soil 
is taken and well shaken up with boiling rain water the amount 
of soluble matter may be ascertained by filtering off the 
undissolved matter and slowly evaporating the watery filtrate 
to cirymesB in a steam oven. If the weight of the evaporating 
^sh is known, tiie amount of residue can be easily calculated 
and compared with the weight of the dry soil taken. 

This soluble portion of the soil is the useful active matter, 
and largely represents the available plant food. The insoluble 
matter which remains on the filter paper is the dormant, 
reserve matter of the soil, much of which in the course of time 
would have become transformed into the active soluble condition. 
Professor Bottomley , of King’s OoUege, has pointed out recently 
that a soil at Bothamsted, which contained Iheoretioally enough 
phosphoric acid to supply a wheat crop for 300 years, had oxdy 
sufficient available for seven years. O^us plant food material 
is sometimes said to exist in two states or stages in the soil : — 
(i.) That in which it is ready to enter the plant, and 
(ii.) That in which it will only become slowly available 
for plant food. 
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A andjrwa of the leddtw obtained above, wonld- 

enow t“t tbe food in the bmI oonsistB . of potash, soda, 
liJM axia znagiiosia in oombiziatioD with xiitrio and phosphorio' 
Mids, and to a l^ser extent with humio and other organic acids, 
to^wer with the sulphates of sodium, magnesium and calcium 
and the chlorides of potassium, magnesium and calciums 

We shall refer to these again in greater detail when we 
deal with plant food, but the student should remember the 
caution already given, not to regard the soil only as au 
eggregation of dead chemical compounds# Comparatively* 
*‘®oent revelations tend to show that the soil is alive, and in 
must be treated with that care and thoughtfulness 
which the proper and profitable management of the farm live 
stock demands. We have seen that roots feed on dissolved 
mineral substances, but it is not so obvious that the soil is the 
home of countless living workers (bacteria), whose labours 
profoundly modify the mere processes of solution and diffusion 
as we understand such terms in our school laboratories. Some 
of the more important soil bacteria have been isolated, and the 
m^ufacture and absori)tion of the food by their action in the 
soil has been and is still being investigated. Many authorities 
in scientific agricidture recommend the inoculation of the soil 
with these bacteria in the case of leguminous crops. It must 
be remembered, however, that the bacterial cultures are not a 
manure, but that they simply increase the power of fixing the 
nitrogen of the ground air. 

Although inoo^tion is not a panacea for all soil ills, there 
is no doubt that it is efficacious in the crops referred to, the 
tubercles on the roots of which are teeming with millions of 
these nitrifying bacteria. 

CoNDmoNB OF Fbbtility. — Let us now consider some of 
the most important conditions of fertility. 

(i.) Plant food must be present in the active condition and 
in the proportion required by the plant. That food 
required by the plant in question which is present in 
the least proportion determines the current fertility of 
the soil. 

For example, if a plant requires twenty parts of lime 
and only ten parts are present in the available condition, 
no matter bow abundant the other substauoes are, with- 
out liming the plant cannot come to maturity and the 
crop will fail. 

(ii.) The soil must have a good retaining or fixing power, so' 
that the fertilising oonstitumits of manure may be held 
until required by the plant. This has already been 
shown to depend not only upon the physical properties^ 
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but largely upon tbe chexnioal oharaoter of the soil. It 
win be remembered that the double silicates of clays and 
loams are especially oonct^rned in retaining plant food, 
and what is most important, the ammoniacal com- 
pounds of manimes. 


■{Hi.) The soil must possess good solvent powers and offer a free 
passage for water and air either naturally or artificially 
(by drainage). 


^iv.) There must be sufficient depth of earth in order that the 
root may descend with ease in “search ” of food. It is 
interesting in this connection to notice the extreme depth 
of the roots of farm crops : — 


Cabbage 

and 

Turnip 

Perennial 

Grasses 

Wheat 

Lucerne 

Parsnip 


Longest Boots 8 feet. 


4 feet. 


9 feet. 
10 feet. 
IS feet. 


The above figures are given on the authoritp of Professcr 
Muir of Yorkshire College, who also quotes M*Al^ne (Trawf.- 
actions Highland Agricultural Society 5th Senes, Vol, II ) 
N.B. — The importance of a deep soil and a good subsoil 
is evident. 


<t(v.) To a great extent the character and composition of the 
subsoil and underlying rook is also an important factor 
iu determining the fertility of the surface soil. It will 
repay us here to consider in further detail what is meant 
by the term “ subsoil.’* 

This word Subsoil is used to express the stratum 
which underlies the superficial earthy covering, irrespec- 
tive of its depth beneath the surface. The agriculttmal 
use of the word differs somewhat from its geological use. 
In the former case — which is the more important to us 
— it is regarded as that section or zone immediately 
under that cultivated. 

A soil may be well stocked with plant food and be 
of good physical character, but to be productive it must 
have a proper subsoil. 

Upon the subsoil depends the drainage of the surface 
soil. A li^ht sandy or gravelly subsoil secures the 
natural drainage of the sunace, although, it has already 
been pointed out, that it is likely to lead to drought 
and failure in dry weather. Sometimes a solid rock 
forms the subsoil. If it is a dry rock like chalk, it will 
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g:iv© a dry soil, while an impermeable clay will have 
an opposite eileut. With a rocky subsoil there is 
generally a thin soil and low standard of fertility Sub- 
soiling is the name applied to the breaking up of the 
soil immediately below that which is normally culti- 
vated. It often happens that hard la3rers of earth have 
been formed which seriously interfere with the culti- 
vation of the soil in farming operations generally. 
These hard bands are known as pans. They are pro- 
duced in a variety of ways : — 

(а) The Plotigh Pan is formed by the passage of the^ 

plough and treading of the norseSt when the soil 
is cultivated year after year to the same depth. 
It is, of course, cured by deeper cultivation. 

(б) The Moor^ or Iron Pan is formed by an oebreous 

deposit which resists the ordinary operation of 
ploughing and requires to be broken np by a 
strong subsoiler and six horses. It consists 
largely of an accumulation of iron compounds, 
chiefly the oxides of iron. 

(c) The Lime Pan , — It is a well-known fact that 
lime tends to sink through the land, and owing 
to frequent liming it further tends to accumulate. 

Shallow cultivation, again, favours the for- 
mation of a lime pan. It may be fairly easily 
broken up, and when mixed with the surface 
soil, the latter is much improved. This also 
immediately improves the drainage. 

Good cultivation not only improves the soil but also 
vibe subsoil, both chemically and physically The most 
stubborn subsoil will yield before — 

(a) Liberal manuring ; 

(b) Good drainage ; 

(c) Access of air ; 

(d) Deep onltivation. 

The admission of water and air leads to a natural 
sweetening of the subsoil, and a change in its colour is au 
outward sign that the processes of oxidation and the 
complete decay of any organic matter present are 
preparing fresh stores of wholesome plant food. With 
this improvement, the roots of the inants pass further 
downwards and the crops are greatly beneflted. 

We have referred above to subsoils which exert an- 



injurious effect on the surface soil by the formation of 
pans. There are, however, subsoils winch exeri an 
exceptionally beneficial effect upon the surface soil. A 
ligh^topped soil resting upon a retentive subsoil is 
regfuried as a happy combination, while a clay situated 
upon a sand or gravel, if not of too loose a character, 
is considered an ideal arrangement, for the sandy subsoil 
naturally drains the clay. We have said that it is a 
distinct advantage in many cases to mix the surface soil 
with some of the subsoil and to occasionally adopt 
deep cultivation, but care must always be taken in 
deepening any soil that injurious matters are not brought 
up from below, especially at the wrong time of the year. 

{vi.) It is obvious that climate greatly influences the 
fertility. A soil may contain all the substances required 
by the plant or crop in the proper proportion, yet if 
it is adversely situated as regards climate, winds, rain- 
fall, altitude, etc., one’s efforts will be thrown away. 

<vii.) The geological position of a soil also, to a certain extent, 
may limit its fertility. It has already been pointed out 
that where there is an outcrop of two or three different 
formations in proximity, the soils may mutually benefit 
one another by admixture. One formation will often 
act as a kind of natural fertiliser to another. This 
especially applies to the land in the neighbourhood of 
the great chalk and limestone formations. 

9(viii.) Absence of injurious weeds tends to increase the fertility. 
We give here a few weeds characteristic of different kinds 
of soils. 

(a) On grass lands, generally in large quantities : 
common daisy, foxglove and rest-harrow. 

{h) On limey soils, generally less plentiful : knap- 
weed, bumet and wild pansy. 

(c) On loams, weeds of a strong tenacious nature ; 
chickweed, speedwell and groundsel. 

(d) On sandy soils, abundant, but weak and less 
tenacious : poppy, cornflower, and bracken. 

(«) On clays, comparatively few weeds : coltsfoot. 

(ix.) Finally, there must be nothing injurious to plant life in 
the soil, nor must anything be added by young, ixiex- 
perienoi^, **8oientiflo** farmers by way of experiment, 
xmder the comprehensive term manuring.** If it is 
desired to experiment it must be done wi& due care. 
It is best to select a small parcel of ground and mark 
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At off into so many equal portions. On these ezperi- 
tneutal plots the actual needs of any particular crop 
may be investigated by treating the growing plants with 
nitrates, phosphates, and potash, alone or in combination. 

The individual plots should not be smaller than 
twenty square yards—larger if possible. The resulting 
plants should always be weighed under similar con- 
ditions, as mere appearances are often deceiving. Thus, 
if there were eight small plots they might be treated 
as follows ; 

Plot. 

1. No manure. 

2. Sulphate of potash. 

3. Superphosijhates. 

4. Nitrate of soda. 

5. Potash (2) and Phosphate (3). 

6. Nitrate (4) and Phosphate (3). 

7. Potash (2) and Nitrate (4), 

8. All three — Potash, Phosphate and Nitrate. 

The use of these substances will be explained in the 
next chapter. If other similar plots are available the 
times of application may also be varied, as also the 
amounts used ; in fact, many interesting combinations 
of conditions may be experimentally made with most 
gratifying results. 


SUMMARY. 

1. Ghemioal Composition of Soils. 

A, Organic Matter, Silica, Alumina, Lime, Magnesia, Potash 
and Soda, Oxide of Iron. 

iJ. Phosphoric, Sulphuric, Hydrochloric Nitric and Carbonic 
Acids in chemical combination with the substances under 
A above. Tho amounts vary greatly in different soils. 

Humus is the name given to the decomposing vegetable matter 
present in the soil. 

The amount of Organic and Inorganic matter in the soil 
may be ascertained by burning a known weight. 

Nitrates are formed in the soil by bacterial action, which 
depends upon — 

(i.) Suitable temperature ; 

(ii.) Abundance of air and water. 

'S. Physical Character of 8oils.~Thia is largely deter- 
mined by the relative amounts of sand and olay present 
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physically, soils are classified as— (i.) Sands, (ii.) Clays, (ili.V 
Calcareous Soils, and (iv.) Loams. 

A Msokakioad Analysis of the soil may be made by separating 
the day and sand by decantation. 

Liming is especially useful in three cases ; — 

(i.) When the soil is deficient of ic. 

(ii.) In farming a heavy clay. 

(ill.) To sweeten “ sour " land. 

UsN ON Lime in the Soil:— 

{a) It combines with free acids. 

(b) Forms plant food. 

(c) Decomposes the double silicates, 

(d) Favours formation of nitrates. 

{e) Improves texture of the soil. 

(/) Destroys harmful insects. 

(g) Improves the absorbing powers of soil. 

8. The Physical Ppopertics of Soils are porosity,, 
capillarity, power of retaining plant food, thermal pro- 
perties, drying and evaporation power, density. 

4. The Fertility of the Soil.— Plant food is either Active 
or Dormant. 

The active f available plant food consists of — 

(i.) Potash, Soda, Lime, Magnesia in combination with 
Nitric, Carbonic and Phosphoric Acids. 

(ii.) Sulphates of Sodium, Magnesium and Calcium. 

(iii.) Chlorides of Potassium, Magnesium and Calcium. 

Conditions of Fertility are : — 

(1.) Available plant food must be present. 

(ii.) A good retaining and fixing power for plant food, 

(iii.) Good solvent powers with adequate drainage. 

(iv.) Sufiicient depth of earth. 

(v.) A good subsoil and absence of ** pans,*' 

(vl.) A suitable position and climate, 

(vii.) Geological considerations. 

(viii.) Absence of injurious weeds. 

(ix.) Absence of injurious matters. 

The Subsoil may be improved by— (i.) deep cultivation, {iuji 
good drainage, (iii.) access of air, (iv.) liberal manuiing. 

The use of Experimental Plots is strongly advised. 
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Plant Pood Supplied by the Soil. 


1. Constituents of Plants.— In common with all living 
things, plants are composed of organic and inorganic matter. 
The organic constituents make up ninety-five or ninety- six per 
cent, of the plant, while the inorganic matter present vari(?s 
greatly in different parts of the plaint, the average being four 
or five per cent. If seeds are burnt the ash which reprosemts the 
inorganic part of the plant amounts only to two per cent., hut 
in the case of the leaves from twelve to fifteen per cent. 

The organic matter consists of 
Protoplasm (in the living plant). 

Woody fibre and celluloso. 

Starch, sugar, gum and resin. ' 

Vegetable albumin, glutin, globulin and legumin. 

Oils and fats. 

The inorganic matters consists of the following, generally 
in a state of combination with one another. 

Silica, lime, potash, soda, ammonia and magnesia. 
Hydrochloric, phosphoric, carbonic and sulphuric wds. 
Oxide of iron. 

'Praoes of other chemical compounds are often present, but 
they may be regarded as accidental ingredients. 

The organic constituents of plants arc composed of tho 
eloments-Kjarbou, hydrogen, oxygen, nitrogen, sulphur and 
traces of phosphorus. Those which contain uitrocen are termed 
nitrogenous, while those which consist only of carbon, hydrogen 
and oxygen are non-nitrogenous ; vegetable albumin, glutin, 
globulin, and legumin are examples of the former class, while 
starch, sugar, and gum represent the latter class. The 
pCTcentage of any one of these chemical elements varies in 
different plants, and in different parts of the sanie plant. For 
example: lOOOlbs, of dried wheat contains 4611bs. of carbon, 
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434lb8. of oxyMn, 681bs. of hydrogen, 231bs. of nitrogen,, 
and 24lbs. of ash ; whilst lOOOlbs. of wheat straw would con- 
tain 484lbs. of carbou, 3901bs. of oxygen, 63ibs. of hydrogen, 
Slbs. of nitrogen and 701bs. of ash. 

We will briefly describe the Nitrogenous organic 
constituents 

Vegetable Albumin, which closely resembles egg albumin, 
is met with in all parts of the plant, but chiefly in the roots 
and seeds. 

Glutin is a thick sticky substance which may be obtained 
by washing the starch from flour. It is similar in properties 
and constitution to flbriu in the animal body, and is found in 
the seeds of wheat, barley and other cereals. 

Globulin frequently gives rise to albumin, and is largely 
found in seeds. 

Legumin resembles casein found in cheese. It exists in the 
seeds of leguminous plants like peas and beaius. 

The Non-Nitrogenous organic compounds which make 
up the greatest part of the plant may be briefly described 
as follow : — 

Woody Fibre is the chief constituent of the hard parts of 
plants, such as stems, branches, veins of leaves, husks of seeds 
and stones of fruits. 

Cellulose is closely allied in composition to woody fibre, 
into which much of it is transformed as the plant matures. 
Cellulose is found in the wall of the cell and, perhaps, in its 
purest form in cotton “ wool ” and stone of the date. 

Staroh, one of the most important bodies in plant life, has 
already received suflicieut attention (see Chapter xiv.). 

Gums and Resins are found in the fruits, flowers and stems 
of plants. Waxes, which are closely allied to them, often exist 
in the form of bloom on fruits, flowers and leaves. 

The amoimt of inorganic matter present in plants may be 
ascertained by carefully burning a known weight of selected 
plants. The inorganic salts remain as the ash. 

2. Plant Ash FallaoieB. — ^At one time it was thought 
that a chemical analysis of this inorganic ash would indicate 
definitely the food required by the particular plant under 
examination. Prof, Wolff has given elaborate tables showing 
the composition of hundreds of different plants, and much use 
has been made of these to endeavour to deduce the exact 
requirements of the plauts. But the exhaustive study of the 
food and manurial requirements of plants during &e last 



WAIttm O0XiTUltI8. 


m 


t;w«iity*fiTe yem has abundantly shown that the real needs 
of a plant under ordinary conditions are gpreatly at Tariance 
with those deduced fiom the analysis of its ash. It has 
already >>een pointed out that a careful series of experiments 
performed on trial plots are far more valuable to the student^ 
gardener or farmer than man; detailed analyses. With an 
average amount of care he may learn experimentally a great 
deal concerning the demands of plants upon the soil and 
the judicious use of nianiire, as well as the effects of different 
^nt foods. Of course there is an evident advantage if he can 
bring to bear upon his practice a knowledge of chemistry. 
Thus, of recent years, much has been learned about plant 
requirements by the study of what are known as water 
cultures. 

3. Water Cultures.— Earlier work in this book, in connec- 
tion with the “ selective ” action of roots, has shown us that 
during a plant’s first stages of growth many minerals are 
absorbed, not because they are essential, but merely by virtue 
of their solubility. This alone should prevent us regarding as 
vitally necessary all the chemical substances found on an ash 
analysis, for to a certain extent the roots may be compelled to 
absorb what is given them in the form of manures. Further, 
the soil, climate and season will naturally modify the processes 
of absorption. 

On the other hand, we can by means of water cultures 
accurately discover what are really essential mineral substances 
for plant life, and, further, can trace the effect of removal of 
any one or more constituent of this mineral food— or, more 
correctly speaking, raw food materials. 

By experiment it has been found that very many plants 
will grow vigorously and will produce in succession leaves, 
flowers and fruits if their roots be immersed in the following 
dilute nutritive solution : — 

OULTUKE ixtim. 

1 Gramme Potassium Nitrate. 

•5 ,, Sodium Chloride. 

*5 „ Calcium Sulphate. 

*5 „ Magnesium Sulphate. 

•5 „ Calcitun Phosphate. 

A few drops of Iron Chloride Solution. 

The above should be dissolved in a litre of distilled water 
and well boiled for half-an-bour. The liquid is then made 
up to a litre by the addition of distilled water, and is allowed 
to cool in a vessel, the mouth of which is closed with a cotton 
wool plug to prevent the entrance of minute vegeteble growths. 

Large wide-mouthed vessels are chosen for this experiment, 
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and it ia imperative tliat they should be scru^uloualy clean. 
This ia best secured by rinsing them successively with tap 
water, dilute nitric acid and distilled water. 

Each vessel is fitted with a cork pierced by two holes: — 

(i.) For the admission of the roots of the plant so tliat they 
may be in the culture fluid, which must three-parts fill 
the vessel. 

(ii.) For the entrance of air, which has already been seen to 
be necessary for the plant’s well being. 

On fitting up the experiment the space around the plant 
stem in hole (i.) must be loosely and carefully packed with 
sterilised cotton or glass wool ; hole (ii.) must be closed in a 
similar way. 

After the young plants have grown in this liquid for about 
a week their roots should be removed into distilled water for a 
day or two, and then into a fresh supply of the culture fluid. 

The vessels should be covered with black paper, for this 
precaution will minimise the growth of moulds and other 
small vegetable organisms in the fluid. Moulds are a great 
pest in connection with these culture experiments, hence all 
the precautions we have detailed above. 

An isolated water culture experiment is of very little use. 
To be of educational value such experiments must be conducttMl 
iu series. By this means we can find to what an extent plant 
growiih depends on the individual chemical constituents of 
its supplied food. The following gives a useful series of 
experiments 

1. Full culture solution. 

2. Omitting potassium : by using sodium nitrate instead of 

potassium nitrate. 

3. „ sodium ,, potassium chloride in- 

stead of sodium chlo- 
ride. 

4. calcium ma^esium sulphate and 

phosphate instead of 
calcium phosphate and 
sulphate. 

nitrates „ potassium sulphate in- 

stead of potassium 
nitrate, 

'6. ,, chlorides ,, sodium sulphate instead 

of sodium chloride. 

7. „ sulphates calcium and magnesium 

phosphates instead of 
c^dum and magne- 
sium sulphates. 



PLANT POOD 


823 


8, Omittmg phosphates ; by using calcium nitrate instead of 

calcium phosphate. 

9. ,y iron salts. 

The following are a few of the results which may le 
expected : — 

(i.) Vigorous growth in 1, 3 and 6. 

(ii.) A Lack of green colour may occur in 9. 

(iii,) Eelativcly little growth of others. It should be par* 
ticularly noticed that 5 tsdiows that plants derive their 
nitrogenous supply from the soil, and not directly from 
the air. 

In practice it further becomes important to know the 
specific results of certain plant foods upon the growth and 
development of the plant. The cultivator has very different 
objects in view in the production of a good cabbage or a 
marketable tomato. In one case ho must produce fleshy, 
succulent and tender leaves, while, in the other, his object is to 
pT'oduce an abundance of early though matured fruit. From 
experiment the gardener knows of three excellent plant foods, 
viz. nitrates, phosphates and potash salts, to which he has 
given the somewhat fanciful name of the ‘^Golden Tripod,” 
It is the minimum amount of these three present in the soil 
which, to such, a great extent, determines the soil’s fertility. 
If any one of them be wanting, no excess of the other two 
will make good the deficiency of the other. In other words, if 
one leg of the tripod fails, the plants will fail also. 

Let us summarise briefly this characteristic action of these 
three important plant foods, again referring to their origin 
and retention in the soil. 

1. Nitrates. 

(i.) Promote the vigorous grow’th of the plant as a 
whole. 

(ii.) Darken the green leaves. 

(iii.) Cause fruit-bearing trees to produce rank, coarse 
shoots and many leaves, rather than much fruit, 
(iv.) Nitrates in the soil are largely the result of bacterial 
action ; even the nitrogen in manure must first 
be transformed in nitrates before it can enter the 
plants. Ammonia and nitri c acid may be regarded 
as representing mtennediate products. 

2. Phosphates. 

(i.) Promote the production of fruit rather than foliage.. 
(iL) Promote early maturity. 
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(iii.) Are therefore of more use in the garden and orchard 
than they are in the held. 

(iv.) No plant food appears so slow in its action, so 
difficult of access, as the natural phosphates of 
the soil. It seems there must be actual contact 
of the phosphorus-bearing compounds with the 
root hairs themselves. 

3. Potash* 

(i.) Increases the quality of the fruit. 

(li.) Increases the amount of sugar. Kecent experi- 
ment has shown that photosynthesis cannot 
go on in the absence of potash. 

(iii.) Fertile soils have remarkable power of fixing and 
retaining the potash. Some trace this to the 
presence of lime. The potash is made available by 
(a) Oarbonio acid from decaying humus or 
manure. 

(J) Vegetable acids produced in the soil. 

(c) The addition of lime or chalk. 

4. Rotation of Cropa. — It is a well-known fact that if 
the same crop i s g rown year after year the land becomes ‘‘sick 
of the crop.’* 'Wnat causes this sickness, and^how may it be 
remedied? 

It is caused by the exhaustion of one or more of the 
particular foods which the plant requires, and it may Ik 3 
remedied by (i.) judicious manuring, (ii.) growing crops in 
rotation. For the first of these two methods the student is 
referred to one of the many manuals on Scientific or Practical 
Agriculture. We are only called upon here briefiy to discuss 
the second. 

Fakn crops are usually divided into four classes 

1. Cereals, t,g. wheat. 

2. Leguminous plants, e,g* peas and beans. 

3. Root crops, e.g. turnips. 

4. Forage crops, e,g* clover. 

These are sometimes described and reclassified, according to 
their effect on the soil, as 

1. Exhaustive crops, t,g. cereals. 

2. Restorative crops, t,g, leguminous, root and forage crops. 

It must be remembered, however, that very often the 

Bo-paJled restorative crops would be exhausting if the whole of 
the produce were removed from the soil, which we shall see is 
not the case. 

These facts, considered in conjunction with what we have 
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said regarding plant food in the earlier chapters, point strongly 
to the advisability of alternating these two classes of crops, 
and in arranging a rotation we must bear in mind 
following general rule: — 

“Plants selected to follow each other should differ as 
much as possible in their modes of growth and general habits 
of life, and with regard also to the kinds of food they require 
in lar^e proportion from the soil.** 

It IS interesting to note the following in this connection : — 
(i.) Different kinds of crops differ in their capacity for obtain- 
ing the various elements of plant foods. For example, 
clover obtains its nitrogenous food with greater ease than 
any corn crop. Clover, in common with other legu- 
minous plants, like peas and beans, possesses small 
swellings or tubercles on its roots. (S^ Fig. 2 .) These 
swellings are inhabited by colonies of bacteria, having 
the power of fixing within themselves the nitrogen 
obtained from the “ ground air.” The host plant avails 
itself of this nitrogenous supply on the death of the tiny 
organisms; and thus, since clover roots are “ploughed 
in ” afterwards, the land is actually enriched in nitrates, 
(ii.) Some crops have long roots, and others only shallow 
roots, so that it is an advantage to grow these two 
classes alternately, since they draw upon different depths 
of soil for their nourishment. 

(iih) Different kinds of crops are attacked by different kinds of 
insects, the ravages of which can bo effc^ctively checked by 
withdrawing for a year or more the plants upon which 
they feed. 

iv.) The land is always worked with greater convenience 
when a rotation is adopted, as some crops give better 
opportunities for cleansing the soil tlian others. 

The following are among the most common rotations now 
in practice in different parts of the country : — 

1, The Nobfolk Rotation. 

1st year Turnips 

2nd „ Barley 

3rd ,, Clover (or grass seeds) 

4th ,, "ViTheat 

The following rotation is in practice over large areas in the 
i^orth of England. It is a five-course system : — 

Ist year ... Oats 

2nd „ ... ... Wheat 

3rd ,, Roots 

4th „ Barley 

5th „ ... Seeds 
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A variation of this is adopted in Devonshire, vh, : — 

1st year 

... Mangels 

2nd „ 

Wheat 

3rd „ 

... Turnips 

^tb 

... Barley 

5th 

... Seeds 

Which is sometimes modified 

into a six years* system 

thus 

1st year 

.. Mangels 

2nd „ 

.. Wheat 

3rd ,, 

.. Barley 

4th 

Turnips 

oth ,, ... •.« ,. 

Oats 

6th „ : 

Seeds 

Tlie following gives a successful rotation adopted largely 

in the Lowlands of Scotland : — 

ist yotir 

Green crops 

2nd ,, 

Wheat or barley 

3rd „ 

Clover 

4th ,, 

Oats 

5th 

Potatoes or beans 

eth 

Wheat 


We will consider the Norfolk rotation in a little more 
detail. It will be seen that it realises almost all the general 
advantages of rotation given above. The two exhausting 
<*.rops, barley and wheat, are separated by the two restorative 
. crops, turnii)S and clover. 

In the first year roots are grown ; these reqnirtJ a light soil 
and a large quantity of potash, and little or no silica. 

Boots are followed by barley, with its long fibrous roots, 
whieh require much silica and little potash compared with 
turnips. Leguminous clover follows the cereal barley, and has 
a shallow fibrous root, which requires lime in tlio soil, diff.jriiig 
thus from the plants that precede it. Clover is especially 
suited to bo followed by wheat, because the short roots of the 
former tend to bind the soil together, and to give a desirable 
firmness to the land. Then, too, she^ or other farm stock 
are turned on to the land to feed on the clover; this also tends 
to consolidate a light soil, besides supplying a certain amount 
of natural manure from the animals. 

The wheat plant requires a heavier soil than clover. Its 
roots reach down to the lower layers of the soil, and thus 
draw' upon a different region from that of the clover roots. 
Further, clover requires little or no silica, which is so necessary 
for the proper growth of w'beat. 



fa dodpg thM chapter on aie‘^pl«t food aapdied by Ihe 
^il, the etudent is reminded that i^nts appropriate this food 
by means of 

{i.) Water and oarbonic acid. 

(ii.) Bacterial and ohemioai actions* 

These have been described in other parts of this book. The 
student is strongly advised to gather the facts together under 
the above heads, and to give 8X)ocial attention to the source and 
appropriation of nitrogen as a plant food. (See Summary.) 
Experience has shown that there is little danger in the ex- 
haustion of the supply of the phosphates and potash of the 
“golden tripod’* previously mentioned, but that there is a 
senoiis tendency to deplete the soil of its nitrates — hence the 
value of the process of inoculation previously referred to. 


SUMMARY. 

PI^ANT FOOD SUPPLIED BY THB SOIL. 

Yhie Ckmatituania of Plants. 

OBOAmc : 96 per cent. — Protoplasm, Woody Fibre and CelluloBo, 
Starch, Sugar, Gum, Resin, Vegetable Albumin, Glutin, 
Globulin, Logumins, Oils and Fats. 

iKOBGAKio : 6 per cent. — Silica, Lime, Potash, Soda, Ammonia, 
Magnesia, in combination with Hydrochloric, Phosphoric, 
Carbonic and Sulphuric Acids ; Oxide of Iron. 

Plant Ash Fallacy.— The real needs of a plant under ordinary 
conditions are greatly at variance with those deduced from the 
chemical analysis of the plant ash. 

By Water Cultures we can accurately discover the minertvl raw 
food materials essential for plant life. 

A culture fluid consists of : — 

Nitrate of Potassium, Chloride of Sodium, Sulphates of 
Calcium and Ma^esium, and Phosphate of Calcium. 

The farmer, by experimental plots, has further investigated 
the action of Nitrates, Phosphates and Potash on plant life. 

notation of Crops and Exhaustion of the Land. 

Reasons for Rotation : 

1. Biflerent capacity of obtaining food. 

2. Varying length of roots in different plants. 

>8. The avoidance of insect ravages. 

4. Greater convenience of working land. 
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Kobfolk Rotation— a four years’ course: — 


Crops. 

Nature. 

Chief 

Food. 

Boots, 

Soils. 

Turnips 

Restorative 


Bulbous 

Light 

Barley 

Exhausting 


Long Fibrous 

Heavier 

Clover 

Restorative 


Short Fibrous 

Light 

Wheat 

Exhausting 


Long Fibrous 

Heaviest 


The Plant obtains its— 

(1) Carbon from the air, by the interaction of the Carbonic 
Acid Gas and water. 

N.B. — In the soil carbonic acid acts 

(i.) Chemically— liberating other foods. 

(ii.) Mechanically— as a solvent. 

(2) Oxygen and Hydrogen are obtained from the soil in the 
form of water. 

H.B.— Oxygen is also obtained from the Nitrates, Phosphates 
and Sulphates. 

(8) Nitrogen is obtained— 

(а) Not directly from the air, although by the action of 
lightning in its passage through the air, the Nitrogen 
combines with the Oxygen. The compound formed is 
dissolved by the rain and supplies Nitrogen to the 
plant. 

Ammonia, pesent in small quantities in the air, also 
supplies Nitrogen by the agency of the rain as above. 

(б) Prom the soil by— 

(i.) Chemical Action, resulting in the formation of 
Nitrates by the action of Ammonia \nd Nitric 
Acid. 

(ii.) Bacterial action or fermentation, which no doubt 
yields Nitrogen to the plant. 

(4) Sulphur from Sulphates. 

(5) Phosphorus from I'ooepihateaj 
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PRACTICAL GARDENING. 

CHAPTER XXVII. 


Work done in the Garden (I.). 


Praotioal CaltiYation.~In this chapter we propose to 
describe the practical cultivatioii of some of our commou garden 
vegetables. Since these form such stable and important foods 
for man, a brief studjr of their growth and propagation is as 
interesting as it is desirable in a oook of this kind. 

It must ever be remembered, however, in this connection, 
that “an ounce of practice is worth a pound of theory,” and 
the only sure road to discovery, progress and si?ccess is by 
carefully contemplated experiment. 


1« Itfettuoes.—These constitute perhaps the most valuable 
salad” that is grown in our gardens, and there is a con- 
stant demand for them. With Ailful cultivation and proper 
appliances a supply can be had practically all the year round. 
The numerous varietieB are divided into two distinct types, viz, 
^i.) the Cabbage, and (ii.) the Cos. The former are dwarf 
plants, the leaves of wldch turn in naturally and form hearts 
much in the same way as in cabbages, hence the name, 

S lettuce. The Cos varieties are of upright habit and 
j require tying up when nearly fully grown, to induce 
pr^uce crisp white hearts. It is important to 
remember that this tying must be done when the plants 
nrediy. 
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Propagation’ of LETrirbE.— This is bjr seed. Any fertile soil 
will produce good specimens, but it is necessary to have 
a good subsoS, as proper drainage is essential. 

For cro 2 >s during the summer, the £rBt sowings are 
made in January and February, in gentle heat under 
glass, the seedlings hardened off and planted in a warm 
position out of doors in April, In every stage of growth 
they must be well watered, and the earth around them 
constantly disturbed to extirpate slugs and snails. 
Succossioual sowings may be made at intervals of throe 
or four weeks until the end of June. The seeds should 
be sown by shallow drills, twelve or fourteen incdies 
apart, and the plants thinned when large enough to 
handle, until they are nine inches asunder in the rows. 
The thinnings are, of course, useful for choi)ped salads, 
and should therefore not be thrown away. 

Fo 7‘ plants to stand the winter and to be ready for 
cutting in the spring, two sowings should be made : oiit^ 
iij the third week of August and the other the second 
week in September. Transplant these seedlings when 
about two inches high to a well-drained sheltered site 
out of doors. A few may be put in a cold frame, using 
plenty of sand on the surface of the soil. Free ventilation 
during clear weather must be given to those grown in 
frames, and they must bo carefully watered and shaded • 
until well established. It is well to protect them with 
matting in cold weather during the night, and in the 
day-time the temi)orature should be kept between 
65^ and 80® F. 

Slugs tuid snails are esi)ocially destructive to autumn- 
planted lettuces, but they may be almost exterminated 
by the proper application of powdered lime, which 
should be shaken round about the bods and frames to 
bar their approach. (See Appendix — “ Animal Pests.”) “ 

Kinds of Lettuces. — Good varieties for sowing in spring 
for summer use are 

(i.) Cos Lettuces rParis White and Hooper’s Inoom- 
paralile. 

(ii.) Cahhage Lettuces : — Mammoth Wliite, Suxx^rb 
Green, All the Year Bou^d, Drumhead. 

Varieties for standing the winter, f.e. for sowing in 
Autumn : — 

(i.) Cos I^eUuces -Black-seeded Bath, Mooo^park. 

(ii.) Cahhage Lettut^es : — ^Hammersmith Hardy Green,. 
Golden Ball. All the Year Boimd. 
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Any good seedsman’s catalogue will give the student 
gardener most useful information ooncorning the many 
new and old varieties, as well as a scries of excellent 
illustrations. 

2. Cabbages form oue of the most useful vegetables that 
we have, and numerous varieties are propagated. Before 
planting any cabbages the ground should he trenched two 
spades deep and a liberal quantity of well-decomposed farm* 
yard manure added to the soil. 

Propagation of Cabbages.— Propagation is by seeds. Any 
well-worked, moderately rich soil suits them, provided 
it bas an adequate supply of lime in its composition. 
Lime is the best preventative of “ Clubbing,” a fungoid 
disease that causes large swellings on the underground 
portion of the stems. It is very unwise to grow cabbages 
or any green or cruciferous crop on the same site two 
years running on account of this fungus. (See Appendix.) 

Seeds are sown in the open in July aud August for 
specimens which will l)e ready for cutting in the spring; 
in March for summer use ; and in Juno tor late autumn 
cuttings. Sow the seeds thinly and broadcast on a pre- 
pared bed of fine soil, aud transplant the seedlings to 
their permanent quarters, trenched and maiinred as 
above described, Triien about three incht^s high. The 
ilistunce apart to plant them varies witli the sort grown. 
For tho small varieties, rows about eighteoT) inches apart 
and fifteen inches between each plant will suffice ; but 
for larger sorts the rows should bo two foot apart and 
the plants eighteen inches asunder. It is highly impor- 
tant that the young plants be thinned early in the seed 
l)od, so as to ])revent them becoming drawn or “leggy.” 
Cultural details will consist in frequently hoeing the soil 
between the plants. Those planted in the autumn should 
have some soil drawn up to their stems duringNovember, 
for otherwise these have a most tantalising tendency to 
go to seed instead of “ hearting-up ” in the spring. Un- 
fortunately, there is no entirely satisfactory remedy for 
this trouble. Some varieties are, however, less prone to 
it than others, “ Ellam’s Early” being one of the least 
liable to behave thus. When the plants are well esttib- 
lished a pinch of nitrate of soda sprinkled round ojiob 
iH a splendid stimulant. Insect enemies are numerous, 
the worst being the cabbage or white butterfly, which 
. lays its eggs on the plants in May and June and on- 
wa^ through the summor. The caterpillars soon hatch 
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out and devour the leaves and thus ruin the crop^ 
Careful watcMng and hand-picking afford the oixLy 
reliable remedy. 

Kinds op Cabbages.— G ood varieties arc— 

(i.) For autumn sowing: 

Ellam’s Early and Flower of Spring ; 

(ii.) For spring sowing ; 

Denance and Enffeld Market ; 

(iii.) For summer sowing : 

Winningstadt and Rosette Colewort. 

The above varieties are often classified in two divisions ; — 
(a) open headed and (h) close or drumhead varieties. 

3. Cauliflowers are another most valuable green crop, 
the delicate flavour of well-grown specimens rendering them 
very popular. The cauliflower differs from broccoli in being 
an annual, and is therefore of more rapid growth. 

Peopagation is by seeds. The soil must be well worked, of 
a medium texture, and rich in humus. It is necessary 
to check the outer growth at times in order to secure 
good heads. An early sowing may be made in shallow 
boxes of light soil, under glass, in January or February,, 
the seedlings being “ pricked ” off into other boxes and 
gradually hardened off for planting out in a well- 
sheltered position at the end of April. ‘Other sowings 
may be made in the open during April and May, the 
plants thus obtained forming the general crop for cutting 
during September, October and November. The dis- 
tances apart to plant are the same as those advised for 
cilbbage ; and the remarks about hoeing, giving nitrate 
of 80&, and injurious pests apply equally to cauli- 
flowers as to cabbages. 

It is interesting and useful to note that if a sharp frost 
threatens in the mte autumn those plants with partly 
developed heads may be lifted from the soil entire ana 
hung heads downwards in a cool dark outhouse, where 
they will remain good for quite a fortnight. Another 
method for keeping cauliflowers fresh and crisp is some- 
times advised. They are cut with six or eight inches of 
the stem attached, and the leaves are clipped off square 
with the surface of the flower. The stem is then stuck 
into a layer of moist tond six inches deep, which has 
been spread over the floor of a dark dry cool cellar. In 
this way they keep good for weeks, and for « much 
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longer period than when kept as first desoiibed. How- 
ever, it is evident that somewhat more trouble is attached 
to the latter method. 

The ill-effects of slight frosts and heavy rains may 
be prevented by breaking the mid-ribs of two or three 
of the largest leaves and then bending the tops over the 
head. 

Kinds of Cauliflowers. — The best varieties arc^ 

Early season Sutton’s Favourite. 

Mid season : — Walcheren. 

Late season : — Veitch’s Autumn Giant. 

4. Beans constitute one of our most imT)ortant legum* 
iiious crops. We have already considered the bean plant from 
a scientific standpoint; we now turn to its practical culti- 
vation. 

Garden beans are divided into three distinct types, 
viz. ; — 

(i.) The broad bean. 

(ii.) French or kidney bean. 

(iii.) Scarlet runner. 

(i.) In Broad Beans there are again two types, the Broad 
Windsor and the Long Pod varieties. The former has 
a broad and rather short pod, and is undoubtedly the 
best flavoured. The latter, as its name implies, has long 
pods, with rather small seeds. 

Propagation is by seeds. The best soil is one of a clayey 
nature, but it must be trenched and incorporated with 
well decomposed farmyard manure. A dressing of 
superphosphate of lime at the rate of four ounces to the 
square yard at sowing time is most beneficial ; it should 
be carefully raked into the surface. An early sowing 
may be made in November if a well-drained, sheltered 
site is available. Other sowings are made in February 
and March. The rows should be two or three feet from 
each other, and each seed dropped about one foot from 
its neighbour and about two inches below the surface. 

Mice and birds often steal the seeds. To prevent 
this, place them in paraffin for three minutes and then 
dust them with red lead. The black dolphin or aphis is 
a great ]^st of this crop, infesting the tope of the 
shoots. Pinch out the tops and bum them as soon as 
the pest is observed and then spray the plant with a 
solution of soft soap and quassia. Or there are other 
specific remedies in the form of insecticides — these are 
«u8o effective. 
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Kinds or Broad Beans:— 

(tt) For autumn sowing : 

• Mazagan and Dwarf Fan. 

{h) For spring sowing : 

Green Windsor and Seville Long Pod* 

(ii.) French or Kidney Beans are mostly dwarf, but a few 
varieties have a climbing habit. 

Propagation is by seeds. The ground for these should bo 
prepared as advised for broad beans, but the soil may 
well be of a more open and organic nature. A light rich 
loamy soil is regarded as ideal for the growth or French 
beans. 

For forcing purposes seeds are sown in boxes and 
pots under glass as early as January, hut for general 
use the first sowing is m^e under glass early in April, 
and the idants are set out about the second w(‘ek in May. 
The first sowing outdoors is made at the end of April, 
and succossional sowings are continued until the middle 
of July. The plants, unlike those of the broad bean, are 
easily injured by frost. Ifc is an advantage to give early 
and late croi>s the shelter of a wall or fence. 

The rows should he two feet apart, and tl.e plants 
thinned until they are eighteen inches from one another 
in the rows. In all cases the seeds should be sown about 
one inch deep. It need hardly be said tliat vacant 
spaces where Seeds have missed should be filled by tra as- 
planting from w'here they are too thick, and this must 
be done carefully with a trowel. 

The forcing of French beans has become so common 
of late years that it will repay us to describe the process 
a little more in detail. It is commenced generally in 
September, at first in cold frames and afterwards in hot 
beds, and the like. The hot bed is covered with nine 
or ten inches of good earth. The temperature is taken 
from time to time, and when it has become regular the 
seeds are drilled a foot apart in rows, which are half 
that distance from one another. When the weather 
allows it air must be freely admitted, and the tempera- 
ture should be maintained between 60° and 75° F. It is 
beneficial to take the chill off the water used in watering 
them. The plants should be occasionally syringed, 
especially on the under sides of the leaves, to avoid a 
fcurly common pest (ihrip) which attacks them. A 
small stake or other slight support should be plaoed 
against each plant. 
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Kinds m French Beans 

(a) Dwarf . 

Canadian Wonder ; 

(J) Climbing: 

Tender and True. 

(iii.) Scarlet Runner. — This i)lant is qtdte similar in 
character to the dwarf French beans, so that the fore- 
going romarhs (with the exception of forcing and 
distances to sow) apply equally well to this kind of 
bean. For scarlet runners the rows, when stakes or 
poles are used for the plant to climb over, must lie 
five feet apart, but the seedlings need only be about 
six inches apart in the rows. Sowing in shallow 
trenches is now much in vogue, as it greatly facilitates 
watering. The young plants of those b-eans should 
be dusted with ashes or slaked lime to prevent them 
being devoured by slugs. It is interesting to notiot* 
here the practice of many London market gardeners, 
in cases where the gardens lie exposed. They })lant 
Brussels sprouts in early summer between the rows of 
runners and by the end of the summer these sprouts 
^ow tall and afford shelter from the harmful early 
frosts. In this case, however, the gardciujrs gunorull> 
keei> the plants bushy by nipping off the “ raunen ” 
as soon as they appear. 

Kinds of Scarlet Runners. — ^The Scarlet Emperor and 
Elephant are among the best. 

5. Reas may be regarded as the queen of vegetables. They 
are propagated by seeds, which may be sown every three 
wfjeks from Januaiy to June, giving us a perfect succession. 

Any well-cultivated soil that is rich in phosphates will 
X^roduce a good crop of peas. There must be no doubt about the 
thoroughness of the cultivation, for, in this case, so much 
dex)ends upon it. The soil must be dug two HX>its or spades 
deexi at least, and identy of well-decayed natural manure 
should be mixed with the bottom spit or lower earth. 
Manuring should not take place after the seeds have been 
sown. 

The varieties differ so much that only general remarks as 
to their treatment can be made here. The first sowing for an 
e arly crop is in boxes or pots of fertile soil or even on strips 
of turf, under glass, at the end of January or early in 
Fabruary. The plants are hardened (that is, are gradually 
inured to cold) r^y for planting out in April. Strong heat 
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most be itrictly ftToided. Thd Srit outdoor jowi&r li iii*d« 
in a sheltered position in February^ Or early Mar^ in late 
localities. It is best to dioose a hardy dwarf variety, such 
as WnHam 1., for these early out-door sowings. From thence 
onwards until the end of July sowings may be made at 
intervals of three weeks. As in the case of beans, the seeds 
should be dressed before sowinff with paraffin and red lead. 
The later the sowing the shallower &e trench should be. 
The distance apart of the rows will vary with the height of 
the variety, a good general rule being to make the distance 
about the height of the plant, which of course depends upon 
the kind of pea grown. The seedlings must be thinned so 
as to stand two inches asunder. Copious watering is necessaiy 
during dry weather when the pods are “ setting.** It shouM 
not, however, be thrown over the leaves, but poured on the 
^ound along the rows. When the plants are three inches 
high they should be earthed up, and the ground occasionally 
hoed. Sticks for support may be used when the tendrils 
appear: the shorter varieties do not always require this 
support. Mildew is the chief disease which is liable to attack 
the peas, especially during hot, dry weather. Copious and 
oareful watering, with the application of liquid manure, will 
generally prevent it. 

KnWB OF PEJL8 

(i) For early crop : William I. , Chelsea Gem, Sutton 's 
Centenary Marrowfat. 

(ii.) Mid season : Peerless Marrowfat and Eureka. 

(iii.) Late season : Gladstone. 

6. Baatroot is a great favourite with most gardeners. 
There is a good demand for it, as it forms a valuable salad. 
According to chemical analysis, it contains bulk for bulk 
much more nutritive matter than any other root, except 
perhaps the potato. It is well known that beetroot suppl^ 
great quantities of sugar, and the red varieties are par- 
ticularly nutritious owmg to the nitrogenous matter they 
contain. 

There are three chief types, viz. 

(i.) Bound or turnip rooted; 

(ii.) Long rooted; 

(iii.) Spinach beet. 

The leaves of the spinach beet are boiled and eaten as s^aob, 
while the roots of the oth^ varieties form a stable and 
everyday food. There is also the Chilian beet, the leaf stalks 
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of.wbiehpoaidM briglefe ooloTiring of mAny lines, so that they 
are Talnable ornamental plants for the flower garden. 

PnoPAGATlON is l>y seeds. A well-<worked soil that has been 
thoroughly manured for a previous crop, such as oniona 
is the most suitable; very rich mound not being ad- 
-visable except for the Spinach and Chilian types. 

Sowings are made about the flrst or second week in 
May, in drills IJ inches deep and 1 foot apart, the seed- 
lings being thinned to 1 foot asuuder in the rows, as soon 
as they are large enough. Frequent hoeing during 
summer is essential. The round or turnip-rooted sorts 
are the best for early use, the long varieties being 
“ lifted *’ in autumn, the tops twisted off, and the roots 
stored in a cool place in sand, ashes or dry soil for use m 
the winter. In lifting and storing great care must be 
taken not to injure the roots. If any are broken, bleed- 
ing will ensue, and loss of colour when cooked will be 
the result. To gather spinach beets, the largest out^ 
leaves should be removed first, and the inner crown left 
to grow to give a future supply. 

Slugs and sparrows are very fond of young seedlinM. 
Dusting with ashes when damp wiU circumvent the 
attacks of the former, while the latter may be kept 
at bay with old fish netting or strands of black cotton 
fastened to sticks a few inches from the ground. 

What gives the pronoimced red colour to the common 
beetroot ? 


FIinds of Beetroot : — Good varieties are ; — 

(i.) Bound, Sutton’s Globe. 

(ii.) Long, blood red, Pragnell’s Exhibition. 

7. Oarrota are hardy biennials, and form an important 
,and profitable crop for the garden. Carrots are propagated 
by seeds. The soil should be of a rather open or sandy 
uature — light but deep — esi)eciaUy for early crops, but goo»j 
roots of the late variety are frequently obtained in gowi 
•condition from heavier soils. A sandy loam or peat is highly 
suitable. Deep digging or trenctog is essential, but heavy 
manuring is not advised. It is much better to manure 
•heavily 9ie previous year and secure a crop of some other 
vegetable, such as celery, before we sow the carrots, which 
maybe done without further manuring. 

Carrots may be roughly divided into two classes or types, 
viz. 

(i.) The Shorthorn (or stump-rooted) ; 

^ii.) The long-rooted carrot. 


2d 
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The lomer is usually grown lor early crops, and the latter 
for main crops and for use during the winter. 

There is the greatest demand lor the stump-rooted varieties^ 
as they develop the better flavour. The first sowing may 
made about the third week in February, choosing a warm and 
sheltered siter The rows should be shallow and about 8 inches 
a|>art, and the seeds should be covered with J inch of sandy 
soil, and the surface made firm. Thin out the seedlings for 
this crop until they are 2 inches apart. 

The main sowings are made during March and April,, 
allowing a distance of 10 to 12 inches between each row, and 
thinning the seedlings imtil they are 6 inches apart in the 
rows. Sowings of early Shorthorn varieties are often made 
as late as August, September and October, the roots being 
pulled and used when large enough. Carrots are also forced 
m frames on gentle hotbeds during the winter. It can easily 
be arranged for a light to be placed above the frame if there 
is any need of hastening the crop, which is often desirable to 
meet the demand. 

Kinds of Oabbots:— 

For early sowing : Barly Gem and Early Nantes. 

Mid season t James’ New Intermediate. 

Late season : Long Bed Surrey, Altringham. 

8. Turnips are another staple vegetable of the farm and 
garden. They are easy to grow, but owing to the ravages 
made among them in their young state by the turnip flea 
beetle a crop is often disappointing. The soil most suitable 
for the turnip is a light rich loam, but any well-tilled soil, 
provid^ it contains a good amount of lime and potash, will 
suit. Buccessional sowings are made from the end of Feb- 
ruary until the middle of May for roots which are to be used 
during the summer ; and at intervals from the zniddle of July 
until well into September for winter crops. 

Sow in shallow drills 1 foot apart, and thin the plants 
early to half that distance from pl^t to plant. During dry 
weather it is frequently necessary to water the drills TOfore 
sowing the seeds, to ensure germination. 

To prevent the attack of the black turnip fly (or flea) 
referred to above, the voung seedlings must be fr^uently 
dusted during dry weather witii gritty dust or ashes, this 
operation being performed whilst the leaves are damp with 
dew, so that tbe dust adheres to them. Clubbing, due to a 
fungus, sometimes afl^ects turnips. (See Appendix.) We hava 
already dealt with its treatment in the case of cabbages. 
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’Kiiroa 09 Txjwsrips Good varieties are 
(i.) For summer : — ^Early Red Milan, 

Early Snowball, 

(ii.) For winter Cbirt Castle, 

Black Stone. 

9. Calery,— This vegetable is perhaps one of the most 
valuable occupants of our gardens. Propagation is by seeds. 
Well cultivate, heavily manured soil is absolutely; essential 
if good heads are requued. For its proper ^owth it requires 
plenty of water, so that if a rather damp site is available so 
much the better. All checks to ^owth must be strictly 
avoided. Early in March is the time to sow for the tot 
crop, using sliaUow boxes of rather light soil and placing 
tliem on a gentle hot bed. When large enough '* iiriok” the 
seedlings out into a well- prepared bed of soil on a still milder 
or gentler hot bed, incorporating some flaky leaf soil with the 
compost. The plants from this sowing, after the customary 
gradual hardening, should be qmte re^y to go into trenches 
by the middle of May. A main sowing may be made on a 
prepared bed of rich loamy soil, in the open, at the end of 
March, and the seedlings are transferred as soon as they can 
be handled to other beds of good soil. 

The trenches for the wefl-developed, robust plants should 
be prepared two or three months before they are required. 
They must be twelve inches wide by ten inches deep, and 
weil-rotted manure must be mixed with the bottom layer of 
soil. The trenches should be at least five feet a])art. The 
plants from the main sowing should go into the trenches at 
intervals from the first week in June till the third week in J uly. 

Two rows may be grown in one extra wide trench, but a 
single row is most convenient. Shading and watering will be 
necessary for a few days if the weather is sunny, and good 
soakings with water must be afforded during periods of drought. 

When the plants have well developed their centres earthing 
is necessary. To perform this operation, all suckers or skfe 
shoots are removed, and the leaves of each plant are gathered 
•up closely together and then some fine soil is placed and 
made fairly firm around the plant. It is preferable to make 
only two or three earthings, and it can be done in one 
•operation. When the earthing is often repeated there is a 
tendency for the celery to “pipe** or become hollow. The 
usual practice in the Midlands, when exhibition s^iecim^ are 
requite, is to tie brown paper round the plants either in lieu 
of, or supplementary to, earthing. The plants should grow 
until they are fourteen or sixteen inches in height before being 
earthed up, and the operation is most satisfactorily carried out 
by two persons working together. 
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The larvae of the celery fly are the worst pest. The fly 
pierces the leaves and lays eggs in the succulent tissues. 
The maggots hatch out and tunnel between the tipues of the 
leaveS) causing whitish blister-like patches. Pinching the 
maggots betw'een the Angers and thumb as soon as they are- 
seen 18 the only effective remedy. 

Kinds of Celeby : — Good varieties are : — 

(i.) Early : Sandringham White and White Gem. 

(ii.) Main Crop : Sulham Prize and Leicester Bed. 

10. Onions. — ^Varieties of this well-known pungent 
bulbous salad vegetable have been grown in Europe from time 
immemorial. Th^eir contained grape sugar gives them great 
dietetic value, whilst, in addition, they possess medicinal 
proj^rties of no mean order. They are divided into two 
dis^ct types, viz. those sown in spring and those sown in 
autumn. The former are most generally grown, and are the 
most useful. Propagation is by seeds. The spring sowing is 
now made largely under glass, shallow boxes being used for 
the purpose. The end of Januaiy or early February is the 
time most favoured. The seeds should be sown thinly and 
the plants kept fairly warm by being placed near the glass. 
When about two incnes high prick them off two inches apart 
each way into other boxes of pliable soil containing some 
coarsely sifted rotted manure and flaky leaves. Give cool 
treatment, but keep them near the glass and Anally transfer 
the plants to a bed in the open, about the second week in 
April. Coding in any form must be strictly avoided. 

Sowing in &e open, where glass is not available, is 
generally done about the second week in March. In this case, 
sow iu shallow drills one foot apart and thin the seedlings 
ftArly to nine inches asunder in the rows, and make the surface 
of tne laud Arm after sowing. Deep trenching of the bed is 
highly essential in the autumn if good bulbs are desired. At 
the same time plenty of well-decomposed manure should be 
incorporated with the soil. The gs^ener must keep dow n 
the weeds by frequent hoeing, which operation will make the 
surface Ane and thus prevent the evaporation of moisture. 
The bulbs must be fully grown and ripened before they are 
lifted for storing. The main crop will be quite ripe about 
the beginning of September and the plants will assume a 
withered appearance. They should then be taken up and. 
laid Out in a sunny place to dry. They should be left to the 
air and the sun for a week or two, l^g covered over at 
night, and then stored free from dirt in a cool but frost- 
proof structure. The autumn sowing is made at the end of 
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Aiignst, the seedlmgs beinff tbmnBd or transplanted as desired*. 
These form quite large bulbs for use in early summer. 

The worst pest of spring-grown onions is the onion %. 
This pieroes the leaves, lays its eggs in the tissues, and tho 
maggots, quickly hatching out, eat their way into the young 
bulbs. It is to circumvent this pest that sowing under glass 
is advised, as the plants are then too old and tough for the 
fly to pierce in May, the time when it usually appears. 
Onion mould is a fungoid disease that is frequently very 
destructive. Dusting with slaked lime while the plants are 
damp, as soon as the disease causes the tips of the leaves to 
turn yellow, sometimes prevents disaster. If, unfortunately, 
the disease gets too great a hold for this treatment, bum all 
the badly infested plants and do not grow onions on the same 
site for two or three years. 

Kinds of Onions : — ^Good varieties are 

(i.) For spring sowing : Ailsa Oraig, Eousham Park 
Hero andBedfordshire Champion. 

(ii.) For autumn sowing : Lemon Bocca and Bed Tripoli. 

11. Potatoea are the most important vegetable grown 
in the United Kingdom, and many excellent varieties are 
cultivated. These different kinds have been obtained by 
careful selective hybridisation, a process the value of whion 
cannot be over-rated, since it enables the scientific gardener 
to produce new varieties of any vegetable, fruit or flower. 
Hybridisation or cross breeding in the case of the potato is 
in itself a very simple process. 

It may be carried out as foUows : — 

(i.) When the parent plant shows its flower buds, they 
are all removed except the one or two which are* 
to be pollinated. 

(ii.) When these one or two flowers open, the stamens 
should at once be cut away with a pair of 8har|> 
scissors, taking special care not to injure the pistil. 

(iii.) The whole plant should then be covered with gauze 
to prevent premature fertilisation by insect agency. 

(iv.) In fine weather, two days after the flowers have 
opened, the pistils which remain are brought into 
contact with the pollen of another variety. Thia 
operation may be performed two or three times in> 
order to ensure a successful result. 
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(▼•} As soon as feridlisatsDu has taken places ^geneiallv 
within a few hours after the pollen has b^n applied, 
the gatuse may be removed. 

^ The seeds resulting from this process unite, to a greater 
or less extent, the characteristics of the two plants taken. 
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Ordinary Propagation of the Potato is made by seeds and 
by sets or tubers. Except for producing new varieties the 
latter mode is generally employed. The eye of a potato, it 
has been seen, consists of several buds, usually from two to 
■six, but when planted in the usual way only one, or at most 
two buds start to gro(v, the rest remain ina^ive. Yet when 
*^6 eye is subdivided into as many sets as there are buds, 
^very germ shows active growth. Taking, as an average, 
three buds to each eye, one pound of tubers would give about 
100 shoots. The sets being small should be planted care- 
fully in l^ts, containing a tight soil of rich loamy character, 
early in Eebruary. These should be placed in a nrwe where 
the temperature is maintained at about 52^. Little or no 
water should be giren until the sets have oommeneed to grow. 
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TOjen plaats r^eli a height of sit inolies their tops 
sliaald be t^en off and planted in single pots. If the 
temperature be raised to 65° or 70° F. these cuttings will 
striae The ^eal soil for the growth of potatoes is a< 

^ep, well'di^eiued light open soil of a sandy loamy oharaoter. 
The land mi'st ue well tilled and manured. 


The earliest crops are obtained by a system of fording under 
glass, but the general planting is done in the open. In prac- 
tice, it is found that tubers weighing about two ounces each 
are an ideal size for sets, and are infinitely better than cut 
tubers. These small tubers should be selected at the time of 
lifting in the autumn, and stored in a cool frost-proof place 
until required (in early February). It is also desirable that 
too many sets should not be obtained from one bud, so that 
the following method is more commonly adopted. The small 
tubers are laid out thinly, eyes or buds upwards, on a tray or 
shallow box and exposed to the light in a cool place. By 
this system stout green shoots are produced, two of the 
strongest only being retained to each set. The earliest sorts 
of potatoes may be planted in a sheltered spot in March, 
and fresh batches every two or three weeks until early in 
May. Plant five inches deep in drills, which may be, for 
these early sorts, in rows twenty inches apart and the plants 
one foot apart in each row. For later and stronger-growing 
kinds these distances should be increased. 


When the shoots are nine inches to a foot in height, 
earth must be drawn up to them in the fonn of a hollow- 
topped ridge, this prevents tubers becoming green, and alsa 
prevents the spores of the potato disease being transmitted 
to the tubers. Figs. 246, 246 have previously shown us how 
“earthing” increases the number of subterranean runnera 
and, consequently, the number of tubers produced. 

The potato disease is a terrible fungoid pest that attacka 
the foliage, and eventually, the tubers. Spraying with 
Bordeaux mixture early in July and at fortnightly intervala 
until the end of August will tend to prevent attacks. Tho 
tubers for culinary purposes may be stored for the winter in 
a dark frost-proof staruoture or in pits in the open. 


Kiitds of Potatobs The question of sorts to grow can 
never be perfectly determined without experiment. Th^ 
following, however, may prove a useful guide i— 

(i.) For light soils Tty almost any kind, avoiding 
Magnum Bonum, Oovent Garden, Pei'fcctiQn,. 
^ Uima and Sehoolmaster. 





(ii.) For heavy soils :--Try the varieties given in (i;, 
and also Qrampian, Ash Leaf and Begeut. 

(iii.) Early varieties are Sutton's A1 and Sharpe's 
Victor. 

(iv.) Second Early varieties are Sir John Llewellyn 
and Sutton's Supreme. 

fy,) Main Crops Factor, XJp*to-Date and Song 
Edward VII. 
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CHAPTER XXVIIL 
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Work done in the Garden (IL). 

In this chapter we shall deal with the propagation of plants^ 
by cnttings, layering, budding, grafting, and by conns and 
bulbs. 

1. Propadatlon by Cutties, Layering, Budding, 
and Oraftlng.-^In the preceding chapter we dealt with a 
group of garden vegetables that are, with the exception of the 
potato, usually propagated by means of seeds. We have 
already seen that this is a highly developed natural and sexual 
method of reproduction, and it has its advantages and dis- 
advantages. Gatdeners frequently find it desirable and 
necessary to adopt some artificial and vegetative means of' 
reproduction, Inree of the chief methods employed are by 
(i.) Cuttings; 

(ii.) Layering; 

(ili.) Budding, 

We shall also briefiy refer to Ghrafting, 

(i.) CtrmKGS are made by taking portions, of young wood 
from the old plant, preparing them in a certain manner, 
and then inserting tnem in a suitable soil or compost to 
enable them to make new roots, and thus lay the 
foundation of a new plant. Cuttings may be roughly 
divided into two groups, viz, soft wood^ and hard 
wooded. The former consist of young shoots of soft, 
partly ripened wood, and the latter are made from youi^ 
shoots of the current year, which have finished their 
growth and beoome hard (or ripened). 

Two common plants that may be extensively 
reproduced by means of soft- wooded cuttings are 
geraniums and bedding calceolarias, and these mav be 
taken as types of plwts thus propagated. Witn an 
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average amount of care and knovrledge the beginner 
may obtain most satisfactory results. Kon-flowering 
shoots of these plants are removed from the old ones 
(at the end of August for the geranium and a month 
later for the calceolaria), taking the cuttings so that 
seven or eight leaves remain on each. Then with a 
sharp clean knife cut squarely and precisely just below 
a node or joint. After this cut (not pull) off about four 
of the lowest leaves, so that rather more than a third of 
the stem is left bare. The cuttings are then ready for 
setting or ^‘insertion.’* Thorough drainage is most 
essential for soil in which cuttings are to be rooted, and 
it is a good general rule to make it of a much more sandy 
nature than that in which the old plants are growing. 
A layer of sand a quarter of an inch deep, should, 
generally speaking, be placed on the surface of t^e soil 
l^fore planting uie cuttings. The cuttings of the 
plants, now under notice, are usually rooted in weU- 
drained boxes about three inches deep, the soil being 
made comparatively firm. 

With a blunt-pointed stick a hole should be made 
about a third as deep as the length of the cutting 
to be inserted. The stem of the cutting should rest 
on the bottom of the hole. This is a very important 
point, as, otherwise, if a hollow space is left beneath the 
cutting no roots will be emitted. After this, thrust the 
stick into the earth near the stem, and press the soil 
tightly up to the latter. It is a mistake to insert soft- 
wood^ cuttings more than a third their length, and 
overcrowding must be strictly avoided by planting the 
cuttings so that each stands clear of its neighbour. It is 
necessary to water them once with a fine-rosed can, and 
"then stand the boxes in a cold frame, keeping the lights 
closed foF a week or more. When the weather is favour- 
able, air should be admitted. Probably more soft- 
wooded cuttings are killed by over-watering than by any 
other means. It induces the formation of moulds which 
attack them all too readily. It must be remembered 
that a cutting has no roots with which to imbibe water, 
and the soil should never be wet for long. On the other 
band, it must not be allowed to become dust dry; the 
thing to aim at being to keep the earth pleasantly 
moist. The season of taking the cutting, and the 
methoas of rooting, will, of course, vary wi£ the nature 
of the plant being dealt with, llius, <dkry^themnm 
cuttizM are taken from the end of Bebmoer the 
end ox March, and are inserted smi^y in small pots of 
sandy soil. 
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Hard- wooded cuttings are usually taken in autumn, 
-or about tbe second week in Kovember. Currants, 
gooseberries, roses, and ornamental sbrubs are largely 
propagated by this method. Firm and healthy shoots 
of medium thickness are secured by cutting the base 
squarely with a clean sharp knife immediatSy beneath 
a node or joint. The soft tip of the shoot is then cut 
away until a plump bud is reached, situated on firm, 
well-ripened wood. In the case of red and white currants, 
the cuttings must have all the buds, with the exception 
of four at the top removed. Black currants and rose 
cuttings should have no buds taken away. 

When thus prepared, the cuttings are inserted in 
trenches, opened for the purpose on a well-drained, 
rather sandy soil, in the o|)en. As before, they should be 
planted a third — some authorities say from a third to a 
half of their own depth. Fill in the trench with fine 
soil, and tread it drmly round them. These trenches 
should be about fifteen inches apart, and each cutting 
ought to stand about nine inches from its neighbour. 
If all goes well, they will root the following sjjring, and 
make a fair amount of growth during the summer. 

In the following October, i.e, one year after the 
cuttings were inserted, tbe young plants may be removed 
to their permanent quarters. 

(ii.) Layering is a modidcation of propagation by means 
of cuttings, the idea being to get the shoot rooted 
before it is totally severed from its parent. Branches 
of x^lants are pegged down to the soil until they send 
out roots, they are then detached from the parent. 
Carnations are almost entirely propagated by this 
method, and the following brief description of the opera- 
tion may be taken to apply to other i>lant8 so reproduced. 

The time for layering carnations is the end of J uly, 
or immediately the plants have finished flowering. If 
we examine our carnation then, we shall find a number 
of sturdy shoots, three or four inches long that have not 
produced flowers. These are the ones to layers in order 
to produce new plants to flower the following summer. 
The advantage of this method over seed propagation is 
evident. {See Chapter XVI, y Sections 1, 2.; 

A small-bladed and very keen-edged knife, some 
wire inns, like large hairpins, and a ^od box of finely 
sifted friable soil will be required. Kow take one of the 
flowerless shoots, and at a point about four inches from 
its apex remove the leaves so as to have about two inches 
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tli6 ill^*fA06 Ol 
the W |K>rthm of ^e etem a out it made oiiMridfuUy 
halfway &roa^h ^e ti88ue» then with a twist of the 
Icnife the stem is split upwards towards the top of the 
•hoot for a distance of aoout one inch* 

If ^is is properly done a tongue or loose portion of 
the stem will be formed. It is necessary to keep the cut 
open to induce growth. Place a layer of the .dne soil 
two inches thick under the shoot; and then peg the latter 
down on to this layer, placing the pin just below the 
point where the out was made. If correctly pegged 
down, the shoot should be in an upright position. Next. 



Fig, 691 .’—liwyeriivg* 

cover the stem of the shoot thus treated, from the junction 
with the old plant up to the leaves which were allowed- 
to remain, with another two inches of the soil and make 
the latter moderately firm. Give gentle watering during 
dry weather. It will be found that roots will be emitted 
from tbe tongue in about three weeks, and the shoot will 
be ready for severing from the old plant at the end of the 
following September or early OotoW. 

In the case of shrubs layering is usually done during- 


■ ['ffik mautlis, aisd shoots the (mrtaut yoar axo 
peleoiM, as in ^6 case of hard-wooded outtiiigs already 
desozibed. The layers of these aie allowed to remain 
attached to the old plant all the following summer, and 
then amoved during the autumn or winter. A out is 
made ha the under si& of each shoot piteoisely as advised 
for carnations, but it should be two mohes lopg instead 
of one inch. 

Strawberries are almost entirely propagated by layer- 
ing, but here the process is somewhat different. We have 
■already seen in an earlier part of this book that the 
strawberry plant reproduces itself naturally by means of 
runners — ^in itseK a vegetative process. The student will 
remember that during the early summer “wires” are 
produced, and these iSar small plants at various points 
of their growth. These young plants, produced from 
A fertile parent, are pegged on to pots of prepared soil, 
squares of turf, or even to the surface of straw- 
berry bed. If the soil to which they are secured is 
'kept moist, roots are quioHy formed, when the runner or 
“wire’* may be cut and tne new plant transferred to 
where it is required. It should be noticed that although 
■one “ wire” will thus produce several young plants, \t is 
found in practice unwise to take more than one from 
each. Pinch off the tip of the runner an inch or two 
beyond the plantlet selected. In the multiple layering 
of trees or shrubs a branch is laid down, from the parent 
stem, horizontally in a trench. If properly treated this 
branch will form a number of young herbaceous branch- 
lets about three or four inches long, each of which will 
take root and in the autumn may be cut away as 
described above. 

J4ii.) Buddiitg is a more oomplioated system of propagation 
than any we have yet deut with, but once grasped the 
operation is very simple. Boses are propagat^ very 
extensively by this means. 

The process consists in the insertion of a dormant bud 
of the variety it is desired to perpetuate into a shoot of 
a suitable stock or parent. It has been found that 
many roses do better when thus treated, than they do 
when grown on their own roots. The two stocks most 
commonly used are (i.) the wild briar or dog rose; and 
(ii.) a rose species known as Hanettl, The former is 
os^ for standard trees and the latter for bush roses. 

Stocks of the briar can often be obtained from country 
hedges during the winter. Those with a fairly youn« 



PCAJRT trrODT. 


straight stem of about four feet in lene^ should be 

select. Secure as many roots as possible with each, 

and plant them in some ^ ^ 

rather heavy soil, outting ItCiV 

the tops back to a good ^ 

plump bud about three feet ® 

sir inches or three feet nine ■ Ij / W v^T 

inches from the soil surface. B || W 

If all goes well the buds will ® ^ 

burst and grow into vigorous ^ ^ I / 

shoots by the end of July, ^ i / A 

when they will be ready for yJf V ^ 

the insei^on of the rose ^ ^ 

buds. / /\T^\ 

AJl buds that burst on egg._s»nuyvino tJu BuO.' 

the stem must be remo vt^u c»b 


soon as seen, with the erception of the three upper- 
most, which are left. 

A dull damp day is the best for the operation of. 
budding, which 
shotild be per- 
formed as quickly 
as possible. Some 
bro^ strands of 
raffia, a small sharp 
budding knife, and 
a pail containing 
some damp moss 
or hay, in which 
to keep the rose 
shoots containing 
the buds, is au 
that will be re- 
quired. 

The best buds 
will be the rather 
small ones found 
on the young 
shoots that have _ 

flowered. Insert 693.---Buddiftg. 

the edge of the 

knife half an inch above the bud, cutting just down 
to tbe pith, then bring it down imder the bud and 
out about half an inch below it. The shoot should be 
held in the left hand as shown in the illustration. (Fig. 
692.) The path of cutting is indicated by a dotted line 
in Fig 592a, and the severed bud is also shown (Fig. . 
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092b) oleaa out at both ouds. If the operation is properiy 
done we shall have a bud with a strip of wood and bark 
about one-third of the thickness of the shoot. This 
completes a very important part of the prooess. A good 
and practical plan now is to just hold the bud gently 
between the Ups and quickly finish the preparation of 
the stock. This stock must have been previously prepared 
by removing all spines from the young shoots, at the 
point where the bud is to be inserted, i,e, close up to the 
old stem. A longitudinal out is made in the upper 
surface of the shoot about inches long and close to 
the main stem of the stock, and then another out at right 
angles to the fivst one, and at the end farthest away 
from the old wood. This forms a T shaped incision, as 
shown in Fig. 593. 

Sometimes when the bud to be grafted is rather large 
for the diameter of the stock shoot, the former will not 
be properly held in the incision unless it is made in the 
form of a cross, thus This is not used often in the 


case of roses, neither is the shaped incision which 
becomes necessary when there is the danger of a super- 
abundance of fiuid kill- 
ing the bud, as in the 

case of ma 2 )les and orange M ft 

trees. Whatever the .'X 

shape of the incision, i mi.m 

the bark is carefully 
raised with the handle 
of the knife (Fig. 694) 
and then the small piece 

of Wk confining the sH.^Opmino th» h«rlc 

bud IS inserted under the the inaertvm of the Bud. 
bark of the stock shoot, 


making sure, of course, that the bud points in an out* 


ward direction. 


With the strands of raffia evenly and firmly bind 
up the wound, taking care to leave the bud uncovered. 

If the bud is fresh and green in three weeks from the 
date of insertion a union will have been made and the 


tie must be loosened, but not yet removed. The bud will 
be best if it remains dormant imtil the following spring. 

Manetti stocks are budded close to the ground^, but the 
07 >eration is precisely the same, excei>t that the bud is 
inserted in the main stejn instead of in the lateral shoots. 


If the student has not the opportunity of taking up a 
short course in this part of the work, such as one of 
those organised by some of the county education 
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authorities (see page 358), it will well repay him to get 
a lesson or two from someone who is already initiated 
into the art. 

It need hardly be mentioned here that budding forms 
a part of the far more extensive art of grafting, which 
may be defined as the operation of uniting a plant, or 
portion of a plant — a scion — to another 
which will suiiportit and furnish it with 
necessary nourishment until it becomes 
a ijart of itself. (Fig. 595). 

It is indeed interesting and instruc- 
tive to notice Shakespeare’s reference 
to the art of grafting and budding — 

** You see, sweet maid, wa marry 

A gentle scion to the wildest stock 

And make conceive a bark of baser kind 

By bud of nobler race ; this is an art 

Which does mend nature; change it 
rather, but 

The art itself is nature.” 

The objects of grafting may be here 
stated : — 

1* To change the character of the 
plant so that the wood, foliage 
or fruit becomes modified. 

2. To “revitalise” an old or de- 

fective tree by the transfusion 
of younger sap. 

3. To increase the foliage, flowers and 

fruit. 

^ rn J i. 1 X ^*0' 595,^Cleft 

4. To preserve and propagate plants Orajting, 

- for ornament and use which 
could not be improved and rej^roduced in any 
other way. 

As there are about thirty or forty methods of graft- 
ing, combinations the various necessary oj^erations, 
the student is referred to one of the standard works 
upon ibe' subject, or to one of our few schools of horti- 
culture, when he can combine the theory wi<-h actual 
and essential practice, (See also “Scheme of Practical 
Horticulture,” Demonstration V.) 

2. Propagation by Gorms and Bulbs. — In an early part 
of the book we have considered the structure of corms and 
bulbs in fair detail (see Chapter xi.). The difference between 
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the two has to be borne in mind when theiT propagation is 
desired* 

The gladiolus may be taken as* a typio il plant with a conn* 
and a description of the propagation of this will equally well 
apply to all corm-bearing plants. 

The gladiolus is capable of reproducing itself in three 
different ways, viz ^ — 

(i*) By seeds; 

(ii.) By new cornis ; 

(iii.) By liny oormlets, teimed spawn. 

(i.) Seeds are generally employed when new varieties are 
being sought. These seeds, as we have seen, are the 
result of sexual processes, and are capable of being 
influenced by cross fertilisation. 

(ii.) The new corms and spawn are vegetative means of 
reproduction, and are the ones that concern us most 
here. There is also an artificial system of propagation, 
and this is by the division of the conns. With a sharj) 
clean knife the corm may be divided longitudinally into 
three portions, each having an eye or bud. Dust the 
cut surfaces with finely-powdered charcoal. Allow the 
portions to diy for a few hours and then plant them 
m very sandy soil. This operation will, of course, be 
performed at planting time in the spring. Flowers will 
not be produced from these cut portions during the 
summer following planting, and the system is not 
advised except where a quick increase of any given 
variety is specially desired. 

(iii.) It will be remembered that when the new conn is 
produced on the top of the old one which dies, some- 
times two new ones are formed. The cormlets or H])awn 
are produced at the bases of the larger corms. They 
may be collected and sown in the spring, in beds of 
rather sandy soil. They are removed or “ lifted ” from 
the soil annually, the same as older plants, and attain 
the flowering size in three or four years. 

Bulbs generally have two natural means of reproducing 
themselves, viz . — 

(i.) By seeds ; 

(ii.) By offsets. 

Here, again, in practice seeds ai-o not usually employed,. 
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^06]^ for raising new sorts fHybridisatioii'^, as the plants 
whicn spring from them take a long time to reach the flowering 
size. Offsets may readily be produced on most bulbous flowers, 
such as narcissi, tulips and lilies. All that is needed is to remove 
them while the plants are dormant. In addition to seeds and 
offsets some lilies produce young bulblets on their flowering 
stems, and these may be taken off and treated in the same way 
as that advised for gladiolus spawn. Besides those natural 
means some bulbs lend themselves to artiflcial propagation, 
the lily being a good example. The loose fleshy scales of 
the bulb are taken off while it is in a dormant condition, 
and these are inserted to half their depth in extra well-dramed 
pots of sandy soil. The pots are then placed in cold 
frames, and if very carefully watered, in time the scales will 
produce a tiny bulb at each base. These little bulbs may be 
developed as advised in the case of gladiolus spawn. 

SUM3MLABY. 

Gardeners find it desirable to adopt artiflcal and veigetative 
means of reproduction, viz, by (i.) Guttings, (ii.) Layering, (iii.) 
Budding, (iv.) Grafting. 

(i.) Guttings are portions of young wood taken from the old 
plant. There are soft^wooded and hard>wooded cuttings 
which are treated in somewhat different ways. 

(ii.) Layering enables a shoot to become rooted before it is 
severed from the narent stem. Carnations are often pro- 
pagated in this >yay aiver cuey ucbVe finished flowering. 
The layering of shrubs is done during the winter months, 
and the layers remain attached to the old plant all the 
; following summer. Strawberry plants are often repro- 
duced by layering. 

(iii.) Budding consists in the insertion of a dormant bud into a 
shoot of a stock. Boses are often propagated in this way. 
Wild briar (dog rose) and Manetti form the best stocks — 
they may be obtained from country hedges. A plump bud 
with a little piece of bark attached is inserted under the 
bark of the chosen shoot. The bark is cut and raised, the 
bud inserted and the whole bound up with raffia. 

(iv.) Grafting has a wide application. It consists of uniting a 
scion to a stock which : — 

1. Changes the character of the plant ; 

2. Bevitalises the old plant ; 

8. Increases the foliage, flowers and fruit. 
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PBOFiainos BT CoBKi iNB BuLBi— Th« gladlolua nprodttOM 
iliielf by:- 

(L) Seeds, (ii.) New Oorms, (iU.) Spawn. 

The ooims and bulbs may be out into pieces, each of which will 
produce a new plant 
Bulbs reproduce themselyes by 

(i.) Seeds, (il) Oiiseta. 

The outer scales of lily bulbs will produce new plants from small 
bulbs, which are formed at the base of the scales. 



A Scheme of Practical tiorticultare. 


[Many of the County Education Authoritiee have orga/nUed 
excellent Schools of AgricuUtire and Horticulture. Some 
years ago, at the request of the Bssex County Council) 
Mr. John Fraser, FX.S., Editor of the “ Gardening World,*' 
gave a course of most valuable demonstrations in Practical 
Horticulture. The mornings of each day were devoted to 
the study of the Science underlying the practice, while the 
afternoons were taken up ift demonstration lessons in the 
practice itselj. The following Instructions are printed 
from the notes given 07i that occasion, for which we beg to 
repeat the expression of our best thanks, both to Mr. Fraser 
and Mr. David Houston, FX.8., the organiser, as well as 
to the Stsox County Council.] 


Dbmonsteation I, 

THE SOIL AND ITS PEEPARATION. 

1. Preparation of land for the growth of cropS) and 
practice in the use of implements. 

(а) Garden ground should be treiicLed every second or 

third year; part of this should be accomplished 
every year. 

(б) Take out a trench 2 ft. wide and 18 in. to 2 ft. deep* 

(c) Wheel the soil, as it is taken out, to the far end of the 

quarter to be trenched. 

(d) Cut the two sides of the trench per])endicularly as the 

work proceeds, so that no hard ridges may be left to 
retain water as in a trough in winter. 

(«) Fork or pick up the bottom of the trench so that the 
subsoil may be loose and allow superfluous moisture 
to drain away. 
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(/) If the ground is intended for deep-rooting carrots or 
parsnips, put a layer of farm-yard manure in the 
bottom of the trench. 

(g) For other crops, especially shallow-rooting ones, more 

manure should be placed in a layer about 9 in. to 
1 2 in. from the surface. 

(^i) Dig the soil of the second trench into the first, and 
repeat the operation till all the trenches are turned 
over. 

(♦) Fill the last trench with the soil taken from the first. 

2. Rolling. 

(a) Roll the garden walks to make th ein smooth and firm. 

(h) In dry weather it will be necessary to water the walks 

thoroughly about an hour previously to rolling 
them, to render tliem soft, otherwise rolling will 
have no effect. 

(c) Roll the grass lawns to render them firm and smooth, 
and to destroy worm-casts. 


3. Praotioe in the use of the rake, and preparation of 
seed beds. 

(а) Level a piece of ground, breaking the clods and raking 

off the stones with as little soil as possible, 

(б) Make the surface smooth and ready for seed sowing. 

(c) Rake off the weeds from ground that has just been 

hoed, clearing them thoroughly of soil. 

{d) 'Wheel the weeds to one rubbish heaj), and the stones 
to another. 


i. Praotioe in the use of the Dutch hoe. 

(a) Push the hoe through the soil about J in, to 1 in. 
below the surface, so as to cut the roots of all weeds. 

(h) In doing so, be careful not to cut or injure the culti- 
vated idants. 

(c) Hoeing is also intended to loosen the surface of the 
soil amongst all growing crops, especially in dry 
weather, every part should therefore be equally 
loosened. 
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Dxmojtbtbatiok II. 

MANURES AND THBIB USB. 

1. Farmyard manura. 

(а) Preparations for tlie fermentation of fresh farmyard 

manure. 

(б) With a steel fork, shake up the manure loosely, piling 

it up into a conical heap. 

(c) Let it lie for four to six days, according to the rate at 

which it heats. 

(d) Should it be very dry, give it a watering with a rosed 

watering pot as the work proceeds. This will 
assist it to ferment regularly and eqiially, and 
prevent violent heating and loss of nitrogen in the 
form of ammonia. 

(e) After four to six days, when the heap has partly 

subsided, shake it up in a fresh heap, with the 
rank manure in the centre. 

After a few more days it will be fit for the making of 
hot beds and mushroom beds. 

3. Sampling different kinds of artificial manures. 

(a) Note the colour and general character of guano. 

(3) If it smells unusually strong, it is losing nitrogen in 
the form of ammuma. 

(c) It should always be kept as dry as possible, to prevent 
loss until about to be used. 

Note general character of sulphate, of ammonium. 

(e) If in its crystallised form, it is a highly concentrated 
manure containing about 2(/ per cent, of nitrogen. 
(/) Nitrate of sodium is also in the form of crystals, and 
contains about 15 per cent, of nitrogen. 

(^) Oompare coarse and finely-crushed bones and bone 
meal. 

(h) Examine the ground phosphates ,* ascertain and 

remember the difference between them and super- 
phosphate. 

(i) Superphosphate has been prepared by treating the 

original substances with sulphuric acid. 

(j) Ooprolites cuid bones are largely used for the making 

of superphosphate. 
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{k) The best superphosphates are made from phosphatio 
guanos. 

{1) Note the general character of potassium salt, kno^n as 
kainite, and compare with nitrate of sodium, &c. 

'8. Preparation of liquid manurea 

(a) Get some pure cow-dung, put it in a tank, and fill up 
with water. 

(&) Let it stand for a day or two, cover with a guano bag 
to i^)revent the manure from rising, while drawing 
off the liquid for use. 

(c) Dilute it with water according to its strength, until of 
a pale brown colour and relatively weak. 

,(d) Water pot-plants with it every second or third day, 
and with clear water on alternate days, if necessary. 

(c) Place a bag of soot in a tank of water, and after 24 
hours th<i clear liquid may be used as a stimidant. 
Soot contains a small quantity of ammonia. 

(/) Another liquid manure may be made by putting a 
handful of guano into four to six gallons of water, 

(f/) Dse it weak rather than strong, and alternately with 
the liquid from cow-manure. 


Demonstration III. 

PKELTMINABY CULTUEAL OPEEATION8. 

1. Seed eo wing— vegetables. 

(a) Prepare a compost of two parts of loam, one part leaf 
mould, and half-a-part of sand; mix the whole 
thoroughly. 

(h) Get some seed-pans and drain them carefully ; cover the 
drainage with the rough siftings of the compost. 

(c) Pill the pans with the compost ; press it down evenly 

and firmly, finally making the surface perfectly 
smooth and level. 

(d) If the soil is relatively dry, give a good watering 

through a fine rose, and Slow the superfluous 
moisture to drain away. 

it) Sow seeds of lettuce or onions, evenly and rather 
thinly all over the surface. 
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(/) Cover the seeds with a shallow layer () in.) of a finer 
and more sandy portion of the compost. 

(g) Give a light sprinkling of water to settle the compost. 

(A) Stand the seed-pans in a greenhouse, and keep a daily 
record of the temperature and the date of the first 
appearance of the seedlings. 

2. Transplanting seedlings* 

(а) Transplant the seedlings about IJ in. to 2 in. apart 

each way into other seed-pans or boxes before &ey 
get crowded. Carefully lift with all the roots 
intact. 

(б) The distance between the seedlings may vary according 

to the natural vigour and size of the kind, and the 
time they are to remain in the boxes. 

(r) Eetum the boxes to the greenhouse pit or frame, and 
place on a shelf or bench near the glass to prevent 
the seedlings from getting drawn. 

8. Planting trses or bushes. 

(a) Lift evergreens with a ball of soil proportionate to 
the size of the plants. 

Previous to lifting, take out holes of sufficient depth 
and width to take ail the roots wlien spread out. 

[c) Deciduous trees and shrubs, when lifted in autumn 
and winter, need not have soil attached, unless of 
large size. 

{d} Cover the roots (1) with the finer soil, (2) with rougher 
material ; (31 tread firmly when the holes are about 
half full ; (4) give a good watering, and leave them 
till the water drains away. 

(e) Finally fill up the holes and tread firmly. 

(/) Stake the trees, if necessary, to guard against wind. 

4. Miidng oompoftts. 

^a) Make up a compost of three-parts fibrous loam, half- 
a-part each of leaf mould and well-decked cow 
manure with a good sprinkling of sand. This will! 
suit Pelargoniums and other plants of similar- 
character^, Bi*eak np the loam roughly by hand,, 
and do not sift any portion of it. 
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{J) For Fuchsias, more sand sliould be used. The 
compost in this case should be light and rich. 

(c) Make up a compost of equal portions of loam and 
peat, with half-a-part of sand. This would answer 
tor many ferns. 

•'6. Potting. 

(a) Drain the pots well, according to size, oorering the 

drainage with moss. 

(b) Put a little soil in the bottom of the pots. 

(c) Turn out your plant, remove the crocks and the looser 

portions of tbe old soil. 

(d) Pot firmly, and afterwards give a watering with a 

rosed watering pot. 

€. Staking. 

(a) Stake various plants neatly and effectively, using 
stakes proportioned to the size of the same. 


Dbmonstkation IV. 

VEGETABLE CULTUEE. 

4. Making sets of Potatoes. 

(a) It is not advisable to out “round Potatoes’* when 

only 1 in. to in. in dian\eter, nor “kidneys” 
unless more than 2 in. long. 

(b) The eyes at the apex of the Potato are always the 

strongest, and one of them should be secured in as 
many cases as possible for each set. 

(c) For the sets obtained from the basal end of the Potato, 

select the strongest eyes. 

(d) Cut the “ kidneys ” longitndinally, so as to get a good- 

sized piece of the tuber for each eye. 

(c) Never cut too close beneath the eye of any set, lest the 
bud should be deprived of proper nourishment. 

(/) Belatively large sets are better than small ones. 
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9. Fp^apiii|( A Med-bed for Onions. 

(o) With a fork, level the surface of the ground, if it haa 
been laid up in ridges for the winter. 

{b) Give a top-dressing of pigeon’s or fowl’s dung and 
soot, forking it lightly into the surface. 

(c) Tread the soil all over, firmly and evenly, with the 

feet, or roll it to effect the same purpose. 

(d) Mark off the ground at each end with pegs 12 in. 

apart. 

(s) Stretch a line from peg to peg along the giouiid, and 
with a draw-hoe take out trenches half-an-inch in 
depth, and along the size of the line which is used 
as a guide. 

(/) After all the trenches have been taken out, sow the 
Onion seed, thinly and evenly. 

(g) With the back of the rake, fill in the trenches, beating 
down the soil lightly with the same. 

(A) Kake the ground smooth along the lines (not across 
them), so that no clods or stones may obstruct the 
germination of the seeds. 


3. Sowing Peao. 

(а) Ascertain the height of the Peas to be sown, and if it 

be 3 ft., mark off the ground in lines at least 2\ ft. 
ax)art. 

(б) Stretch a line from peg to peg along the ground, and 

with a draw-noe take out trenches 3 in. deep. 

(c) Sow the Peas evenly and moderately thickly along the 

trenches. 

(d) With the rak^, fill in the trenches till the soil forms a 

slight ridge above the Peas. Leave the soil rough, 
as raking is xmnecessary with this crop. 

4. Bowing Beans. 

(a) Peg off the ground in lines 8 ft. to 5 ft. apart, 
according to the height of the Beans to be sown. 

(&) Take out trenches 3 in. deep, and the full width of 
the hoe. 

(c) Sow or plant the Beans in a double row, placing the- 
seeds 6 in. to 1 foot apart in the lines, and alter-- 
nately with those of the companion line. 
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Bbmowstration V. 

PBOPAGATION OP PLANTS. 

1. Making cuttings. 

(а) Make cuttings of Gooseberries of young shoots of 

medium strength and 12 in. to 14 in. long. If 
longer than this, reduce them by cutting off a part 
of tne apex. 

(б) Carefully out away or remove all the buds except 

four at the upper end. This will prevent suckers 
and secure a clean stem. 

(c) Prepare cuttings of Eed and White Currants precisely 

in the same way. 

(d) Make cuttings of Black Currants about 12 in. in 

length. None of the buds should be removed, as 
suckers in this case are desirable. 

(«) Plant the cuttings in trenches, covering them to a 
depth of 5 in., and tread the soil firmly against 
them. 

(/) Make cuttings of Carnations and Pinks, each 2 in. to 
3 ill. long. 

(7) Cut them horizontally, immediately beneath a joint, 
with a sharp knife. 

{h) Eemove the lower pair or two of leaves and slightly 
shorten the rest if they are very long. 

(t) Treat Pelargoniums in the same way; they may, 
however, vary from 2 in. to 5 in. in length. 

(j) Eemove Eose cuttings with a small heel of the old 
wood. 

(^) For planting outside, they should be 9 in. to 10 in* 
long. Eemove the lower leaves, but not any of 
the beds. 

(/) Insert them in trenches 4 in. apart and in lines 12 in. 
asunder to leave room for hoeing. 

(m) Put the base of the cuttings 6 in. below the surface ; 

cover with soil and tread firmly. 

(n) For insertion in pots under glass or in a hothouse, 

the cuttings ue^ only be 3 in. to 5 in. long. 

S Budding. 

(a) Bud Eoses a little below the surface of the soil, in 
the case of bushes ; and as near the main stem as 
possible in the case of standards. 
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(() Make a transverse out through the bark with the 
budding knife, and a longitudinal one about 3 in. 
long. 

(c) Prepare the bud by inserting the knife a little above 

it, passing downwards and outwards till a piece of 
wood and bark half-an-inch in length is removed. 

(d) Cut off the leaf retaining the petiole (i.e, leaf stalk). 

Carefully remove the wood from the bark, retaining 
the core of the bud in all cases. 

(«) Lift the bark of the stock with the thin end of the 
handle of the budding knife, and slip in the bud 
beneath the bark so lifted. 

{f) All these oi)eratious should be done as quickly as 
possible, to i)revent injury to the cambium layer 
by exposure to the air. 

ig) Bind up the inserted bud with raffia, covering all 
except the bud, 

3. Grafting. 

(tt) Graft Apple, Pear, and other fruit trees about 3 in. 
above the soil, except in special cases w^here it is 
convenient or necessary to work the trees at a 
higher level. 

(ft) For splice-grafting, cut both stock and scion in a 
slanting or oblique direction, so that the latter will 
exactly cover the cut surface of the former. The 
object is to make the cambium layer of both to 
coincide. 

(c) In the case of tongue-grafting, make a notch or a 

deeper slit in the stock, with a tongue in the scion 
to correspond to the same. 

(d) When perfectly fitted, insert the tongue in the notch, 

and bind stock and scion firmly together with a 
piece of rafi3a. 

Where triangular notch -grafting is intended, take 
out a triangular groove in the stock, narrowing the 
notch to a point at the lower end. 

if) Cut the scion so that it will accurately fit the groove 
in the stock. 

{g) Insert it, and tie up firmly with raffia. 

((A) Cover the grafts with Rafting clay, and that aguin 
with moss to keep moist. 
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4. OavnatioiMi and Shrub*. 

(a) Make up a compost of sandy soil and leaf mould, 
and spread some of it around the Carnations to be 
layered. 

(ft) Bemove the lower leaves of the shoots to be layered. 

(c) Pass the blade of the knife inwards at a node, and 

upwards for half-an-inch or thereby, being careful 
not to sever the shoot from the parent plant. 

(d) Peg down the shoots, keeping the tongue or cut open. 

(e) Cover the layered portions of the shoots with the 

compost, and give a good watering with the rosed 
watering pot to settle the soil. Repeat the watc*r- 
ing in dry weather until the layers are rooted. 

6. Division of herbaceous plants. 

(a) Take a clump of Iris and clear away the soil from it. 

(h) With a knife, remove every crown of leaves with a 
portion of roots to the same. 

(c) Bveiy portion, thus carefully removed, will form a 

plant. 

(d) Hundreds of other herbaceous plants may be treated 

in the same way, with the smallest possible loss or 
waste of material. 

(«) Never use a spade in the division of herbaceous 
plants of any kind, as it is likely to occasion much 
loss in the case of valuable and slow-growing plants. 


Dbmonstkation VI. 

PRINCIPLES OF FLOWER CULTURE. 

1. Potting bulbs. 

(а) For Hyacinths, select 32-size pots (5J in. to 6 in.). 

and drain them carefully, putting moss over the 
crooks. 

(б) Prepare a compost of three parts fibrous loam, one 

part leaf mould, one part well-rotted cow-dung» 
and a good sprinkling of sand. 



(c) MU. th» pot$ loosely tall l^ie soil lor^ « oone 

, Above the «m. 

(d) With the fingers and thnmb press ihe btdb firmly 

into the soil, then press the latter down firanly^ and 
evenly all round; add more compost till within 
J in. of the rim, leaving this space for watering. 

(e) The pots may be plunged out of doors in cocoa-nut 

fibre or coal ashes. 

(/) Three to five Txilips or Narcissi, according to the 
vigour of the sorts, may be put in 82-size-pot8. 

2* Planting bulbs. 

(a) Level and rake smooth a bed or piece of ground. 

■[h) With a measuring rod, mark it off in lines about 
9 in. asunder, and draw shallow furrows as a guide 
in planting. 

(c) Place the bulbs in position 6 in. apart, putting 

Hyacinths in one bed, Tulips in another, and 
Narcissi in a third. 

(d) The beds may be edged with Crocuses, or with a 

dwarf-growing variety of the subjects used for the 
central portion. 

(«) With a garden trowel, plant the bulbs 3 in. below 
the surface, moderately compressing the soil above 
them. 

8. Sowing flower eeeds in pans or boxes. 

(u) Prepare a compost of one part loam, two parts leaf 
mould, and one part sand. Sift the two former 
through a fine-meshed sieve, and mix the whole 
thoroughly together. 

{h) Carefully drain the seed-pans or boxes, putting moss 
over the drainage, and then some of the rough 
siftings. 

(c) Mil the x>a*ns with the compost and press it down 
firmly, being particularly careful to do so at the 
sides and comers. Make the surface level. 

{d) If the soil is dry, give a eood watering with a fine- 
rosed watering pot. Allow the superfluous moisture 
to draiii away. 

(e) Sow seeds of Stocks or China Astws thinly and 

evenly over the surface. 



^wifcfa m tlim layer (3^ ia. to i m.) of the 
finely^slfted oompost, usmg more sand in it. 

;(y) <^T6 a 1%]^ erat^g to settle the compost. 

pans in the same way for BegoniM or 

(.f) Sow the small seeds very oarefolly, thinly and evenly 
over the surface, and give a thin sj^riukling of 
sandy compost to keep the seeds in position. 

{f) Cover the pans with a pane of glass, and shade them 
till germination takes place. 

ijk) Stand the pans in a greenhouse, and keep a daily 
record of temperature and the dates of germination. 

(l) Stocks are very liable to “ dauiping off”; to check 

the malady transplant immediately this shows itself. 

(m) Transplant Lobelias and Begonias when the coty- 

ledons are fully developed, or when the first leaf is 
formed. 

'(n) China Asters, Marigolds, <&c., may be larger before 
the operation is effected, and require to be 2 in. 
apart each way for their development. 

(0) Eetum the pans and boxes to the greenhouse. 

4 . Potting Beedlings. 

(a) Get a number of thumb-pots, and put one crook in 
each, with a small quantity of rough siftings. 

{h) With a peg carefully lift the seedlings with all their 
roots intact. 

(c) Put a little soil in each pot ; then, holding the 
seedling in position with the left hand, fill in the 
compost with the right, and press moderately firm. 

id) Water the plants with the rosed watering pot, and 
return them to the greenhouse. 


fi. Bedding,- 

(a) Unless recently dug, fork up the soil, breaking it with 
the tool. 

(h) Make the surface smooth and level. 

(c) Mark off the bed in lines about 12 in. apart. The 
outer line may be 6 in. from the edge of the bed, 
and another 6 in. inwards from the former, so as 
to make a double edging. 
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(d) Lay out a sufficient number of Pelargoniums to 

the centre of the bed at 10 in. to 12 in. from plant 
to plant. 

(e) Plant them rather deeply with a garden trowel. 

(f) Proceed in the same way with the edgings, spacing. 

the plants 6 in. apart. Those in one une should 
alternate with those of the other. 


Demonstbation VII. 

FRUIT CULTURE. 

1. Yiait to a fruit- farm. 

(a) Note the distances between the difierent kinds of trees. 

(b) When bush fruits or vegetables are grown beneath the 

fruit trees, it is termed double cropping. Note the 
kinds and system of planting. 

(c) Observe the methods of pruning- the trees. 

(d) Standard Apples, Pears and Plums, etc., are pruned 

chiefly in the early stages to form a well-b^anced 
head to the trees. 

(c) The after-pruning consists chiefly in cutting out the 
useless shoots, those that cross one another, and 
dead wood. The object of this is to keep the head 
of the trees so thinned as to admit air and light 
for the proper maturation of the foliage, wood and 
fruit. 


Demonstration VIII. 

WORK UNDER GLASS. 

1. Making vine eyes. 

(a) Take a vine-shoot and cut it into lengths of 1} in« 
to 2 in. 

(ft) Each piece should possess a bud towards the upper 
end. This, of course, is regulated by the position 
of the outs made. 
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i)rain and fill some large thumb-pots with sandy 
loam. 

(d) Insert an eve in the etmtiT of each ])ot with the bud 

just appearing above the soil, which should be 
firmly pressed down and around the short cuttings 
or eyes. 

(e) Plunge the pots to the rim in a hot-bed, and water 

them with a rosed watering i)o!;. 

2. Visit to fruit-houses. 

(a) Observe tho stage of the vines and the treatment 

given in the matter of ventilation, syringing, 
temperature, stopping, etc, 

(b) In the Peach-house, observe and note the; same 

routine of treatment. 

(c) Note the removal of lateral shoots from Tomatoes, 

and the treatment given at the present stage. 



Balnfall. Humidity. 
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A. INSECT AND OTHER PESTS IN FARM AHZ 

GARDEN. 

B. FUNGOID DISEASES OF PLANTS. 


The first part headed A is intended to he little more than 
a summary of the Common Pests which all too often infest 
Farm and Garden crops, and to which some reference has 
already heen made in the text. We have also referred to 
certain fungoid diseases, such as clubbing. These are con- 
sidered in fuller detail in the second part headed B. 

The Board of Agriculture and Fisheries has published a 
series of Leaflets dealing with the Pests and Diseases of 
Plants. These Leaflets are now bound up into sections, 
which are supplied upon application to the Secretary of the 
Board of Agriculture and Fisheries, 4, Whitehall Place, 
London, S.W., for the nominal sum of Id, each. The 
information contained in these Pamphlets will prove most 
valuable to the student as well as to those practically engaged 
in farming and gardening. Section 9 deals with the pests of 
field and garden. Section 10 discusses in a similar manner, 
** Insect and other Pests injurious to fruit trees and bushes,” 
while sections 11 and 12 deal with the Fungoid diseases of 
plants. We beg to express our best thanks to the Board of 
Agriculture and Fisheries, as well as to His Majesty’s 
Stationery Office, for their kind permission to reproduce here 
many of the illustrations used in the above-mentioned 
Leaflets. 


A. Pests in Garden and Field. 

It will be seen in the following summary that most of the 
Pests are Insects. Now Insects, as a rule, undergo what ia 
known as metamorphosis, generally passing through three 



stages of varying duration. The life history of an Insect may 
be well studied in the Moth Butterfly or Bee. The eggs are 
laid in some more or less secure place, and when hatched give 
birth to the Geub, Lae7 This is the first 

or feeding stage. After existing in this active form for some 
time the grub passes into the Pupa, Cocoon, or CHBitSALis 
form. This is the secona or resting stage. In due course the 
Matuke Insect is developed from the apparently quiescent 
pujH TSiti is the third, or what is sometimes called the 
reproductive stage of the creature. It will be noticed that it 
is the first — grub, larva, or caterpillar — stage when the insect 
is most harmful to farm or garden crops ; although, in the case 
of many flies and beetles, much damage is done during the 
third, mature stage, The Student should especially note in 
the life history of the Pests, the stages during which they 
are so harmful, whether the first or third stages of their 
existence, or both. 

Moths, Butterflies, Beetles, Bees, and most Plies undergo 
changes as indicated above. Other Insects, such as Grass- 
hoppers, Locusts, Bugs, and Dragon flies undergo a less 
perfect series of changes, the grub or larva resembling more 
or less the mature insect. A few kinds, chiefly Lice, do not 
pass through any metamorphosis, but emerge from the egg in 
a mature form and condition. 

I. 'Worma.— (i.) Wirewoems: — ^These represent the larval 
stage of Click Beetles or Skip-jacks, winch are to be found 
under stones, at the roots of grasses, upon grasses, flowers 
and trees, in the hedges and fields. 

Wireworms are very destructive beoauhe : 

(a) They attack most crops. 

{h) They feed on stems and roots, except daring times 
of severe frost. 

(c) They live for more than three years in the wireworm 
form. 

Pebvention and Remedy. — ^The student is referred to 
the leaflets of the Board of Agriculture for fuller 
details. 

1, By trapping the Click Beetles and larva. How ? 

2, By using ** Vaporite,*’ which smells of Naph- 

thalene. 

3, By drilling ordinary superphosphate, or a 

mixture of manure containing superphosphate 
with the seed. 
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By Tising stimulating manures when the crop is 
first attacked* 

6. By penning sheep on clover land before a deep 
and thorough ploughing. 

6. By turning fowls on the land during the 
ploughing, when portable fowl houses are 
placed on the infested land, 

7 * In the garden, by using bi- sulphide of carbon. 

B. No remedy or preventative, however, can 
reidace clean farming and suitable manuring. 

Caution , — Gas lime, lime, salt, mustard and rapt^ dust 
are ])Oor, if not utterly worthless, remedies for 
the extermination of wire worms. 




1 aad la, Agriotea lineatus \ 

2 and 2<x. Agriotea sputator. 

3 and 3a. Agrioten obscurus. ^ 


(Natural glsso ain^ 
inagniflad.) 


4. liarva of Agriotea lineatus, 

5. Papa. 


(Natural siae.) 


The Stem Eblwokm.— T hese attack the stems of 
wheat, oats, clover, lucerne, beans, onions and some 
grasses. They give rise to matted and swollen (often 
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bulbous) roots. Xu cereals tbey damage the x>l^t and 
prevent the production of grain bearing stems. In 
infested onion plants the leaves become thick and 
twisted, and in all oases the growth is seriously 
checked. 

PllEVENTION AND RETCKDT. — 

1. By adopting a suitable rotation of crops. 

2. By destroying the refuse of infested crops. 

3. By deep ploughing in the field and trenching in 

the garden. 

4. By suitable manuring and dressing with sulphate 

of potash and sulphate of ammonia. 

For earthworms, see Darwin’s famous work. 


II. Beetles.— (i.) Pea and Bean Beetles [BruchuB and 
SitonfiB ), — Some species of Bruohus attack peas owb/, but 
Sitones, commonly known as the Pea and Bean Weevils, 
will infest both x^lants. The mature Weevils eat the leavecj 
of the young shoots, and the larvse devour the roots. In 
the case of Bruchus it is the gruli (or larva) which is the 
real cause of damage, for it lives in the vital part of the 
seed and prevents germination. 

* 




The Striped Pea and Bean 
Weevil {Sttonea limatm), 

X Natiual size. 2. Magnified. 


X Tlie Pea Beetle {Bruchus pisi), x Q 
(after Cnrtis). 
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a. The Bean Beetle {Bruehus rafimanut), X 5. b. Larva, x & 
c. Bean showing Issuing beetle. 



Prevention and Remedy.— 

U Peas attacked with Bruehus should not be sown. 

2. By fumigating the peas or beans with bisulphide of 

carbon. 

3. By keeping the seeds (unsown) for a season. 

4. Where Weevils have attacked the plants, lime or 

soot, or a mixture of both, may be sprinkled 
over the plants after rain. Powdered guano is 
recommended also. 

5. By spraying the plants with arsenical washes, also 

with weak mixtures of paraffin and water. 

6. Attacks are sometimes prevented by a thorough 

rolling after a dressing of soot and lime. 

7. By summer fallowing and burning of stubble, 

weeds, roots and rubbish. 

(ii) *‘Flea** Beetles (or Tdenip Fly).— These attack 
every kind of crop, especially turnips, swedes, rape, 
kale, cabbage, and other cultivated cruciferous plants. 
The most destructive of these beetles are : 

(а) The common turnip flea* 

(б) The cabbage flea. 
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The latter has been proved to be more harmful than the 
former, and has at times become quite a general pest in 
the country. The turnip flea will settle on the young 
leaves as soon as they show themselves above ground, 
especially in dry weather. In such seasons several 
sowings often become necessary, because the whole 
crop has been cleared off. In the case of the cabbage 
flea, mature plants may be entirely destroyed by 
becoming infested. Both these insects are quite small, 
being between one-eighth and one-tenth of an inch in 
length ; the larvae, however, are about twice as long. 



1, The Turnip Flea Beetle, much magnified; 2, nat 
length and wing expanse ; 3, nat. size ; 4, 5. egg, nat. 
size and mag. ; 6. 7, mine, and outicle eaten away by 
larva; 8, 9, larva, nat. size and mag.; 10, 11, pupa, 
nat. size and mag. 

Prevention and Eemedy.— 

1, .By sowing upon a “ stale furrow ** t.e., on land 

not freshly ploughed. 

2. By rolling the land after drilling, or the young 

infested plants may be carefully rolled, with 
good results. 

By drilling with the seed artificial manure mixed 
with powdered ashes. 

4 « By putting in seed with a water drill. 

6. By soaking the seed in paraffin or turpentine 
before sowing it, or by sprinkling small 
quantities of paraffin oil on ^e leaves of the 
•eedlings. 

6. By destroying the winter homes of the pests. 
Where ? 
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7 . By catching the beetles with a tarred frame. How ? 

8. By destroying charlock and other cruciferons 

weeds which supply these pests with food until 
the turnip plants are ready for them. 

Caution . — ^The old custom of sowing mustard seed with 
the turnip seed in order to draw off the beetles is of 
little value when the attack is at all serious. 

(iii.) Tuenip Mud Beetles. — There are several species of 
these, most of which are aquatic in habit, although 
capable of flight. They have ])roved destructive in 
some parts of Scotland, especially in Aberdeenshire. 
Tho harm is done by both beetle and grub, which take 
up a position in the crown of the “root,” sheltered 
amongst the leaf bases, the young leaves being de- 
stroyed as they grow ux>. The external sign of the 
disease is the pronounced curling up of the leavtfs- 
The bulb itself is often penetrated, and this gives 
entrance to other enemies. Thus : 

(a) The leaves may be eaten. 

(&) The leafstalks may he holed and tunnelled. 

(c) The swollen “ roots ” may be gnawed, tunnelled 
and hollowed out, especially in the upper part. 



HELorHOBUS Ruoosus.—a, Beetle, magnified (after llyo). h. I/arvi., 
magnified (after Ormorod). c. Turnip, sboVing gnawings of grub. 
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Prevention and Eemedy.— 

1. By sowing the turnips as far as possible from the 

infected area. 

2. By dressing the land with Nitrate of Soda. 

(iv.) Ohafer-Bebtlbs or White Grubs.— Ghreat damage is 
done by these pests both in the larval and mature form. 
The grubs attack the roots, and the beetles the leaves of 
forest and fruit trees* as well as errass* corn* peas and 
many vegetables. They are, however, far more common 
and destructive on the Continent. There are four or five 
species, easily distinguishable, varying in size from one- 
half to one inch in length. The grubs of the different 
beetles, however, are very simuar, especially when 
young. The two most common beetles are 
(o) The large Cockchafer, 

(6) The Summer-chafer. 



’ Pio. 1. 

The Dinas Oockohafbr {Melolont'havulga'i't'i). 

Perfect Inseot. 8. Darro. S. Pupa. All nntural size. 





The Summer- chafeir (RhiMotrogua aoUtiUaiU). b. The 0acden-ehafs> 
(FhuUopertha hortieota). c. Qreen Rose-cbafer {CenUmia aurata), 
d. XarTu of the Gardes >ehafer. All natural else. 
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PUEVENTIOK AND REMEDY, 

1« By destroying the beetles found upon the trees 
in the early summer. 

2t By shaking or beating the beetles down on to 
tarred board? 

3. By trapping the larvae under turf or dung. 

4. By top-dressing the with gas-lime orkainite, 

or similarly treating the garden with soot and 
lime. 

o. By hoeing and hand picking. 

6. By encouraging the birds like rooks, starlings, 

green plovers and gulls, ospecially at ploughing 
time. 

7, By the scientiflc method of infecting the chafer 

larvffi with fungoid disease. 

(v.) The Colorado Beetle.— T his is often known as tho 
great American potato pest. It is, fortunately, 
extremedy rare in this country. It is interesting to 
note that, under the Destructive Insects and Posts 
Order of 1908, notice must at once be given to the 
Board of Agriculture if one is found. 

IIT. Flies.— The Crane Fly or Daddy Longi^egs. — 
These insects are frequently very destructive to the various 
crops of the garden and held. They attack all kinds of 
corn, grass, turnips, clover, peas, beans, cabbage and 
garden plants generally. The two common species are 
(a) The Summer Crane Fly; (h) The Yellow Spotted Crane 
Fly. The breeding grounds of these pests are to be found 
chiefly in hedgerows and ditches, and in low-lying, im- 
drained meadows. They are exceedingly prolific, the 
female laying as many as 300 eggs, and from time to time 
many cases of serious damage done by both larva and fly 
have been recorded. 

Prevention and Remedy.— 

1. By keeping ditches clean, the hedgerows well 
trimmed and the land well drained. 

. 2« By dressing the land with gas-lime before 

thorough ploughing. A spring dressing of 
kainite is sometimes recommended (or a 
- mixture of nitrate of soda, manure and soot). 
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8. By hoeing and hand-picking, thne destroying 
the grubs or exposing them to the attacks oi. 
such birds as starlings, i)eewits and others. 



a. SuMifKB Obane Flt {Tipula oleracea). Male, natural size. 
b. Feinalo (after Ormerod). c. Larva. d. Papa. 


Qaviion * — Late sowing is a somewhat risky preventative, 
owing to uncertain weather conditions. 

(ii.) The Onion Fl^i xs a most destructive little dark grey 
creature, with black bristles and red eyes. It has 
become a serious nuisance in cottage and market 
gardens, leading to the decay of the entire plant, the 
bulb becoming quite rotten and useless. The first 
symptom of attack may be seen in the drooping and 
flagging of the leaves, which become yellow and sickly. 
Upon cutting open the swollen bulb of the onion it will 
be found to be infested with dirty white maggots of 
about one-third of an inch in length. 

Prevention and Eemedy.— • 

1. By spraying the plants with paraffin emulsion*. 
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2. By placing a mixture of sand and paraffin at the 

base of the onion x>lant. 

3. By sprinkling the onion plant with soot. 

4. By dressing and hoeing the land with finely 

powdered Kainite. 

6. By earthing up the onion plant well over the neck 
of the bulb. 

6. By dressing and hoeing the land with a mixture of 

soot and lime, as in 4 above. Nitrate of Soda 
may also be used. 

7. By growing another crop on the infected land. 

Caution , — If only a few plants become infested with 
the fly, and show the characteristic drooping of the 
leaves, it is advisable carefully to dig tliein up at 
oncfi and destroy them. 


The Onion Fi^y {Phorbia cepeiornm). 

a and b, Larva, natural size and maguffled ; c and d, Pn^o, 
natural size and magniried; e, Piy inagni/ied; lines showing 
wing expanse and length of body. 

.(iii.) The Cbleky Ply is a tiny insect one-eighth of an 
inch in length, of a tawny brown or honey yellow 
colour, which is answerable for much injury to the 
celery and parsnips in our gardens. The mischief is 
done by the grub, which makes jiits and passages in the 
leaves, and feeds upon the soft juicy tissues beneath 
the epidermis, thus causing the leaves to become small, 
green, and bitter in flavour. The whole plant assumes 
a withered and shrivelled ap])earance, and often 
succumbs to the attack. Parsnips become small, much 
forked, and irregular in shape. 
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PEBTBirriow AMD Ebmbdt*— 

1. By careful digging and retrenching. 

2. By removing some of the surface soil when it is* 

infected, and then giving a dressing of gas 
lime. 

3. By burning the refuse of preceding crops, or 

burying it i;ery deeply. 

4. By keeping down the growth of the common 

Cotton Thistle in the neighbourhood. Why 'i 

6. By forcing rapid leaf growth by means of nitrate 
of soda. (See action of nitrates, page 323.) 



l. Fly magnified. S. Larra magnified. 3. Papa, natural size. 
Lines showing natural size of Fly and Larva. 


6> By applying soot and lime to the plants while the 
dew is on them, to prevent the flies laying eggs 
on the stems and leaves. 

7. By spraying with a mixture of paraffin and soft 
soap solution ; or weak carbolic acid may take 
the place of the parafiin. 

Caution . — In the last method of treatment the pro- 
portion and strength of the materials need is of 
the highest importance. The leaflets will give 
this in detail. 

(iv.) The Carrot Fly, which is of a shiny black or dark 
green appearance, is found in old roots more often than 
in those which have been pulled for bunching. The 
maggots of this fly cause the carrots to become brown . 
or ** rusty,'* a preliminary condition to absolute decay. 
As in the case of the turnip fly (beetle) it is more 
injurious in dry seasons when the growth of the root 
is retarded. Frequently, when badly attacked the root , 
becomes grooved and cracked, and the larvsa hide in . 
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theae crevices. At the same time the foliage of the 
plant ohanges colour and turns reddish. In this 
impoverished state the carrot is often attacked further 
by millipedes^ slugs, and wood-lioe. 



1. Fly, natural Hi^e and magnified. S. Larva, natural size and 
magnified. 3. Pupa, natural size and magnified. 4. Infested 
carrot sbowlng " rust " spots. 


Prevention and Bemedy. — 

1. By immediately removing from the ground those 

carrots, the tops of which show the charac- 
teristic reddening of the leaves. 

2. By spraying with paraffin emulsion, after — 

(a) sowing; (6) germination; (c) thinning. 

3. By drilling the seeds with ashes, sawdust and 

sand impregnated with paraffin oil. 

4. By pressing the earth round the stems or bases of 

the leaves, and consolidating the earth by 
watering. 

6. By early and deferred sowings. 

6. By the proper cleaning, ploughing and trenching 
of the land. 


25 
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Caution , — appears in practice that the thinning-out 
process considerably weakens the plants, and pre- 
disposes them to attacks of the fly. Hence some 
recommend a thin sowing to obviate the necessity of 
subsequent thinning out. 


(v.) The Bx^aok Fly, or the Pea and Bean Thrip, 
is another tiny ])est of 
about one-tenth of an 
inch in length. Al- 
though, as the name 
implies, they generally 
attack.peas and beans, 
and other leguminous 
plants, different vari- 
eties have been found 
to infest wheat, onions, 
and even apples. These 
insects, like plant lice 
(described below), have 
no chrysalis stage. In 
leguminous plants the 
flowers are generally first attacked, with the result 
that the Iowct petals begin to shrivel, then the upper 
parts gradually wither and die, until only a little dried- 
up mass remains, in the place of a healthy flower. It 
is really astounding the amount of mischief these Black- 
fly Thrips can do. Kent and Sussex growers have been 
much troubled by their ravages. 



Tubips, much magnified; 

showing natural sire. 
Distorted pod. 


line 


Prevention and Eemedy.— 

1. By destroying all likely winter shelters for them, 

such as pea and bean sticks, and refuse of any 
infected crop. 

2. By using pyrethrum wash. 

3. By liming the ground. 

Caution , — Where the flowers of any plant are attacked, 
spraying is of doubtful efficacy. 


( yi .) The Oabbaob Root Fly. — This may be described as a 
universal pest. It is all too common in our own country 
as well as on the Continent and in America — United 
States and Canada. It is very similar in appearance 
to the house fly, and for this reason it is often very 
difficult to identify it. There can be no mistake, how- 
ever, ooncerning the mischief it is capable of doing. It 
may be regarded as a general enemy of cruciferous 
iflants. The maggots have been found at their 
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destructive work on the cauliflower, turnip and swede, as 
well as the radish and broccoli. Even weeds and garden 
flowers are not free from attack, the symptoms of which 
are : (a) A stunting of growth ; (6) discolouration and 
withering of the leaves ; (c) infested parts become slimy 
and rotten before they ^ally succumb. 




Wg. 1 Male Fly, greatly magnified. Fig. 2. Maggot, ni'^gnifled. Fig. 
LAat segmeat of tiiaggot enlarged, sbnwing tabercles. Fig. 4. 
Puperinm, magnified. (KJgfu 1 and 3 after Prof. M. V. Slingerlaxid.) 
Fig. 6. Part of at tacked cabbage, witb Larm in Fig. S.Witdierdd 

•eaves of attacked cabbage. 
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Pbevbntion Am> Eemedy.— 

1. By early sowings. 

2. By protecting cabbages and cauliflowers by mear.s 

of tarred paper. 

3. By sprinkling paraffined sand once a week round 

the stems oi the cabbages, 

4. By picking off the maggots by hand. 

By burning infested plants. 

6, By the judicious use of insecticides like bisuljffiide of 

carbon and carbolic acid emulsion. 

7. By a well ordered rotation and the destruction of 

all cruciferous weeds in the vicinity. 

Caution , — Early sowing is a questionable and often 
disappointing remedy. 

IV* Caterpillars and Moths.— (i.) Surface Caterpillars 
cause serious injury to many crops. Perhaps the most 
harmful are ; 

(а) The caterpillar of The Turnip Moth, 

(б) The caterpillar of The Heart and Bart Moth. 

The Cut-worms of the United States are similar creatures. 
Young plants may be com* 
pletely cut through just 
below the surface of the soil 
by these pests. Potatoes 
and other tuberous and bul- 
bous roots are biu’rowed into 
and the inside damaged, and 
even cleared of their con- . 

tents; or they may become 
quite rotten, as if they have ^ 

been attacked by wireworms. o 

Grasses and cereals generally j. caterpillar of the Turnip Moth 
have also been destroyed, {Aorotv^ segetum). 

whilfi TAfATif rPTinrtii Caterpillar of the Heart and 

wnue recent reports nate Dart Modi Mprofi, wciamatfoni,). 
recorded alarming damage 

to cabbage, lettuce, and carrots, as well as other garden 
plants. Dry weather militates against the depredations of 
the caterpillars, and a hard winter of alternating frost and 
thaw tends to clear the fields and g^ardens of these 
ubiquitous pests. 
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Preveotiox and Remedy. — 

1. By applying ordinary or gas lime to the infested 

fields and subsequently ploughing deeply. 

2. By exterminating, or at least keeping down the 

weeds, especially cruciferous weeds. 

3. By disturbing the land by horse and hand hoeing, 

thus crushing the pests or turning them up for 
the birds. 

4. By the application of soot, or a mixture of lime 

aud soot, which probably stimulates the 
growth of the plants. Kaiuite is also used. 

5. By the early earthing of jiotatoes. 

6. By hand picking at night time. 

Caution. — In America the Caterpillars have been 
destroyed by spraying the plants with Paris 
green. This is often regarded as a dangerous 
remedy. Why ? 

(ii.) The Diamond-baok Moth. — The caterpillars of this 
moth — a little creature of light brown colour shaded 
with grey, with diamond -shajied marks on its hack, and 



FiK. 1. The Moth and Caterpillar, natural size, and nnagnifiod ; the Cocoon, 
natural size, and magnuiocl. Fig. 2 Moth flying, natural »izo ; MoLhn 
roHting, natural size ; Caterpillar and Cocoon, natural size. 

(N.B.— Ihese are two separate blocks of the Board of Agriculture.) 

measuring only half an inch long — often causes con- 
siderable damage to turnips, swedes, rape, cabbages, 
and plants of the Brassica group generally. The cater- 
pillar voraciously devours the leaves, perforating them 
with large holes, leaving only the harder parts of the 
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leaves. A field of turnips so infested presents » 
melancholy sight “when the sun shines upon the 
riddled and whitened leaves.** Great havoc has been 
wrought by these insects in the Eastern Counties, 
where whole fields of turnips and cabbages have been 
cleared by their ravage^. The reports have repeatedly 
stated that the Oaterijillars were “ clearing all before 
them.* The Board of Agriculture therefore instituted 
an exhaustive inquiry, including experiments as to the 
value of various remedial measures, suggestive and 
practical. Use was made of the discovered fact that the 
caterpillars of the Diamond-back Moth were attacked by 
parasites and destroyed by other in sects, so that 
Stainton, writing some two months after the first note 
of alarm, said: “Probably the parasites — the natural 
enemy of the moth — v\ ill this year (1891) be developcil 
in such numbers that the pest will be almost annihilated 
in 1892.” 

Prevention and Ebmedy (from the results of the 
1891 enquiry). — 

1. By dressing the infested plants with soot and 
lime. 

2« By spraying with carbolic acid and paraffin. 

3. By distributing over the land (a) soot and lime, 
or {h) soot and sulphur. The latter may also 
be applied to the plants. 

^9 By liorse-lioeiug with branches of birch, broom 
and furze. 

5, By ai)plyiug nitrate of soda, guano, or other 

forcing manures. 

6, By clearing and cleaning the hedge-rows and 

ditches. 

7, By parasites and other natural enemies, as 

described above. 

(iii.) The Cabbage Moth. — The caterpillar of this moth 
not only destroys cabbages, but also other plants, such 
as cauliflowers, lettuces, broccoli, turnips and many 
flowering plants; in fact, few crops are free from its 
attack. Both the moths and caterpillars vary much in 
colour, the latter, when fully grown, have the charac- 
teristic habit of rolling themselves up in a ring when 
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touched. They not only eat the green leaves, riddling 
them through and through, but often spoil the entire 
plant by their moist green exoreta. 



Cabbage Moth; h. Caterpillar; and r. Pupa (all natural sl^e). 


Prevention and Remedy.— 

1. By the destruction of the chrysalids when the 

ground is dug in winter; by turning the 
poultry on the land. 

2. By hand-picking while the cateri>illnT8 are attack- 

ing the outer leaves. 

Caution . — The cabbages may be dusted with old and 
powdered gas lime, but this treatment renders tliem 
less suitable for feeding or cooking purposes. 

Plant liioe or Aphides. — These well-known pests have 
a, world-wide occurrence under the different names of Green 
Fly, Black Fly, Smotherers and Dol))hinR. The disease 
they produce is often called the ** blight.” They attack all 
forms of Plant Life, whether under glass or in the open 
air. Like the Pea and Bean Thrips, they undergo in- 
complete metamorphosis. Plant lice damage the crops in 
two ways : 

(a) By sucking the sap from the jdant. 

(5) By interfering with the function of the stomata of 
the leaf. 

Dry hot weather is particularly favourable to the rapid 
multiplication of aphides, and the plants being in a weak 
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condition at such times, the attacks often prove fatal. Tho 
reproduction of plant lice constitutes one of the most 
fascinating chapters in the history of animal life. It 
is calculated that a single aphis may, under normal con- 
ditions, produce many millions of descendants in one 
season. Some kinds, as the Bose Aphis, attack the leaves 
and shoots ; others, like the Bean Aphis, destroy the bean 
pods ; while others, like the Woolly Aphis, infest the roots, 
stems and twigs. 

PllEVENTION AND EeMEDY.— 

1. By spraying with a soft soap wash, (c^uassia is 

sometimes added to the wash. There is also a 
special paraffin emulsion, consisting of paraffin, 
soft soap, and caustic soda. (For proportions, 
etc., see Leaflet 104.) Both this and Pickering’s 
paraffin emulsion have been used with marked 
success. 

2. For those aphides which attack the root, by 

injecting into the soil bisulphide of carbon. 

3. By encouraging their natural enemies, sucli as 

Ladybirds and their larvae, Hover fly maggots, 
the larvSB of the Lace Wing, and certain tiny 
parasites which lay their eggs in the bodies of 
the plant lice. 

Caution, — Prompt spraying is most important ; the 
aphides should be attacked as soon as an invasion 
shows itself. 

VT« Millipedes and Centipedes.— These pests are allied to 
insects in structure. They consist of a bead, followed by a 
number of segments bearing two or four legs each ; insects 
have three chief parts, head, thorax, and abdomen, and 
only six true legs. They are found in damp places, under 
stones and rotting wood ; they are especially attracted by 
decaying vegetable matter. On the whole, centipedes are 
useful, while millipedes are harmful. The latter will 
destroy potatoes and lily buds, and feed upon any young 
roots available. Some forms, however, are carnivorous in 
habit. The following contrast is useful : 
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f*ig9. 1 and 2, Millipedes (1, Julm PulcheUus ; 2, Polyihsniua comjXanatm), 
Fig. 3, Ceutipede {Geophilm aubtcrraneiia). 


Centipedes, 

Long antennsB, 

Body flattened. 

Bases of legs wider apart. 
One pair of legs to each 
segment. 

Poison claws and glands. 
Active, carnivorous and 
useful. 


Millipedes. 

Shorter anttiiinse. 

Body round. 

Bases of legs close together. 

Two pairs of legs to each 
seeming segment, except 
in front four. 

No poison claws. 

Mostly vegetable feeders and 
distinctly harmful. 


Prevention and Eemedy.— 

1. By mixing the infested leaf mould with lime, 

2. By apidying lime and soot-and-wator to the land, 

ti. By trapping them with pieces of hollowed- out 
mangolds. 

4. By injecting bisulphide of carbon into the soil. 

Caution . — Poisoned baits are sometimes used, but these 
are somewhat dangerous. 

VIT. Snaila and Slu^s. — These are animals of a far higbet 
type than those pests considered above. They are generally 
of terrestrial habits, and are attracted by all hinds of 
vegetable matter. Some hinds of slugs, however, will not 
touch green matter unless there is nothing else for them to 
eat. Others will feed on cabbage, broccoli, clover, beans, 
peas, wheat and other cereals, and even young potato 
shoots, as well as flowering plants. Snails confine them- 
selves to vegetable matter, more particularly to leaves 
and fruit. There are many varieties of snails, of which the 
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Wood Snail, Strawberry Snail, and Banded Snail are most 
common. All are capable of doing much damage. 

Pbeventio> and Remedy. — 

1. By improving the drainage. 

2. By avoiding the use of manures containing them, 
d. By dressing with — 

(o) Soot and lime. 

{h) Salt and lime. 

(c) Caustic soda and lime. 

{d) Powdered coke. 

4. By “ringing” round each plant or patch with 

slaked lime or fine ash soaked in paraflin. 

5. By baiting with bran mash or moist oatmeal. 

6. By hand-picking and application of soot. 

7. By clearing away rockeries, ferneries, etc., in 

neighbourhood of the croj). 

8. By deeply treiiching when they are known to 

come from an infested spot. 

9. By giving “ entry ” and encouragement to ducks, 

poultry, thrushes, blackbirds, toads, moles, 
shrew mice, and even centipedes. 

The student should endeavour to make a detailed study of 
the life history of the above pests, at the same time collecting 
and preserving typical specimens. Few practical exercises 
we have recommended throughout this book should be fraught 
with greater interest or scientific usefuhiess. 


SUMMARY. 

Pests to Farm and Garden Crops, 

I. — Worms. — ( i.) Wire worms; (ii.) Stem Eelworms. 

II,—BEETLEB.—(i.) Pea and Bean Beetles ; (ii.) Flea Beetles 
or Turnip Flies ; (a) Turnip Flea, (6) Cabbage 
Flea ; (iii.) Turnip Mud Beetles ; (iv.) Chafer- 
beetles or White Grubs : (a) Large Cockchafer, 
(6) Summer-chafer ; (v.) Colorado Beetle. 

Ill, — Fliks.— (i.) Crane Fly or Daddy Longlegs ; (ii.) Onion 
Fly ; (iii.) Celery Ply ; (iv.) Carrot Fly 

(V.) Black Fly ; (vi.) Cabbage Root Fly, 
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IV.—Caterpillaiis and MoTH8.—(i.) Surface Oaterpillars: 

(a) Turaip Moth, (h) Heart and Bart Moth; 
(ii.) Diamond Back Moth ; (iii.) Cabbage Moth. 

V. — Plant Lice or Aphides. 

VI. — Millipedes and Centipedes** 

VII. — Snails and Slugs, 

B, Fungfoid Diseases of Plants. 

Introductory.— This book has previously dealt with yrcen 
plants which, by virtue of their green colouring matter — 
<;hlorophyll — are capable of manufacturing organic food 
(sugar, etc.), from carbonic acid gas and water. We now 
propose to treat briefly a group of non-green plants, termed 
fungi, which are responsible for many plant diseases. 

Fungi, being lacking in chlorophyll, cannot make their own 
organic food, and thus are compelled to absorb it ready-made ; 
this they do either by living upon other creatures, or upon 
decaying organic matter. 

Structure and Life History. — The fungi are a numerous 
group, and vary very much among themselves in their life 
histories and methods of reproduction. We wish here to 
draw the student’s attention to a few salient points in connec- 
tion with the group generally. A fungus lAant usually 
cjonsists of a tangled mass or mycelium of delicate colourless 
threads called hyphce ; these threads ramify in every direction 
in the nutritive suhstratum ; by their active growth they cause 
the fungus to spread, and the nourishment they absorb is used 
in forming the reproductive bodies or spores. 

Spores differ from seeds in being composed of single cells. 
They are, consequently, extremely light and minute, and ar(j 
readily carried about by the air. The fungus plant may 
produce two kinds of spores : one kind is usually thin walled 
and capable of instant germination ; the other kind being 
much fewer in number, thick walled, and designed to tide 
the plant over an adverse period. Sometimes the latter 
kind of spore is produced as the result of a sexual process. 
The two kinds of spores are produced as a rule at different 
times, the thick- walled or resting spores commonly closing the 
life history of the individual ; they also frequently differ in 
colour, and are thus evident to the naked eye. The goose- 
berry mildew, for example, produces first a mauve-coloured 
mass of spores on the leaves of the gooseberry ]flant, but later 
it produces black resting spores upon leaves decaying upon <Jhe 
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ground. Again, the winter rot disease of potatoes is char- 
acterised by white or pink spores in an early stage, and by 
crimson spores at a later period in its life history. Any 
spore on germination gives rise to a thread, whicti is the 
commencement of a new fungus plant. 

Hibernation. — ^Many fungi pass the winter in the form of 
resting spores, the thick coats of which enable them to with- 
stand frost easily ; this has been proved experimentally in the 
case of black scab in potatoes. Spores of this and other 
diseases may remain dormant in the soil for two or more years, 
and the student will thus realise that the sterilisation of an in- 
fected soil is frequently a difficult matter. The spores of 
smut — a disease attacking cereals — often pass the winter lying 
in chinks upon the surface of the grain or its investing chaffy 
scales. In other cases the fungus may remain in the mycelial 
condition enclosed in bark, dead twigs, fallen leaves or fruit, 
or in diseased roots or tubers. The sclerotium disease persists 
within the stems of its host plants in the form of sclerotia — 
more or less oval, blackish bodies, of varying size, and com- 
posed entirely of fungal filaments which are densely matted 
externally, to form a firm, protective rind. 

Scattering of the Spores. — As a general rule the spores 
are produced terminally upon erect filaments, which project 
slightly from the surface of the host plant; their exposed 
positions and extreme lightness offer every facility for distri- 
bution. They may be scattered from plant to plant by air 
currents, as in the gooseberry mildew, or by insects, as some- 
times happens in black rot — a common disease amongst plants 
of the cabbage family. Mites are largely responsible for 
disseminating the spores of winter rot, as they crawl over the 
potatoes when storcid in pits, etc. 

Bain may wash spores produced upon the leaves dowm to 
fruit lying below, as in apple scab and the brown rot of fruit ; 
or the spores may be washed into the sod, there to be new 
centres of infection, as with young tubers lying near the 
surface of the ground and becoming diseased. A similar 
scattering of spores sometimes results when infected green- 
house plants are syringed. 

The soil may become infected in a variety of ways ; the 
fungus may normally reside in the soil in the event of roots of 
host plants being absent, and may obtain food from decaying 
organic matter. It may gain entrance to the soil along with 
farmyard manure, many resting spores being capable of 
passing through the digestive canals of farm animaU 
uninjured, or it may find its way into the ground by tbe 
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decay of diseased turnips spread on the fields as food for 
animals. The highly infectious disease, clubbing or finger and 
toe, may be spread in this fashion, but it is also 8})read by 
infected soil being carried to other parts by farm implements, 
cart wheels, and the boots of farm labourers. 

Inoculation.— Thousands of fungal spores, doubtless, come 
to rest upon the surface of host plants, but are unable to inflict 
injury because they cannot penetrate the external protective 
tissues. We consequently find that the leaf, which we have 
seen in our earlier work, has thin external membranes, is 
often the j)art attacked; leaf blotch, mildew, black rot, 
heart rot and the potato disease afford examples of this mode 
of entry. The delicate tissues of seedlings and flowers are 
affected similarly, as in cabbage rust and wheat smut re8]>ec- 
tively. The student will noticf that exposed wounds are 
avoided amongst green plants by the formation of leaf scars 
(p. 94), and 8[)ftcial protective growths (p. 199), but the 
development of the latter takes time; indeed, the germs of 
canker and coral spot frequently grow into the wounded bark 
of a tree before it has had time to heal. Any gaping wound 
in tomatoes affords an entry to the germ or spore of the black 
stripe disease in a like manner, whilst the roots of young 
plants, broken during careless transplanting, are e8j)ecialJy 
vulnerable. Many cabbage plants thus become inoculated 
with black rot. 

Koots are not particularly susceptible to disease,^ unless 
they are wounded. The white and violet root rots affect the 
roots of fruit trees and root crops respectively, and several 
diseases of the potato gain entrance through the tender 
Hj)rout's, the eyes, and the young tubers, all of which have 
delicate external tissues. 

Plaints ftttaiCked. — Plants resemble animals in being sus- 
ceptible to certain diseases, and immune from others. ^ The 
question of immunity and its practical application will bo 
dealt with below in considering the eradication of certain 
diseases. Fungi, however, differ very much among themselves 
as to the host plants in or on which they grow ; for instance, 
the potato disease, the vine white rot, and the gooseberry 
mildew are diseases confined to the plants named. On the 
other hand, some fungal pests attack two plants indiscrimin- 
ately, as in the cucumber and melon leaf blotch.^ In some 
oases the disease takes a different form according to the 
particular host plant inhabited ; e,g, the potato leaf-curl and 
the black stripe of tomatoes are produced by identical germs. 

Others, again, show a preference for one particular natural 
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order or family of plants; thus tlie Gruciferae (cabbage, 
radish, etc.), are prone to attacks of white rust, finger and 
toe, and black rot, the Eosacese (many fruit trees) to white 
root rot, and the (IramineaB (cereals, etc.) to smut and bunt. 
In contrast to this we find diseases such as blackleg, 
sclerotium, and tree root rot occurring in plants, belonging to 
several natural orders. In this connection the student should 
note that diseases like the root rots may frequently live upon 
weeds until a more suitable host plant is available. 

Favourable Gonditions. — Speaking generally, dull, damp 
warm weather is favourable to the development of plant 
disease, but there are exceptions to this statement. A drop in 
the temperature after a warm spell in Spring is favourable to 
the gooseberry mildew. Lack of ventilation aids in spreading 
winter rot among potato tubers which have been stored away 
damp, and also to the formation of “soft” foliage in 
cucumbers and similar plants, the leaves thus being easily 
l>enetrable by the leaf blotch fungus. Boot rot is promoted by 
the soil being too damp ; indeed, a water-logged soil has 
been found to be a very predisposing factor in the development 
of white root rot disease. 

Symptoma.*— Space precludes any lengthy descriptions of 
the numerous diseases. The young stem may be brown and 
wrinkled (potato black scab). Older stems may be stunted 
in growth (potato leaf curl), or marked with blackish stripes 
(tomato black stripe), or may have the bark cracked and partly 
destroyed (canker), or the vascular bundles showing as a black 
ring (cabbage black rot). There may be a fluffy mycelium 
developed between the bark and wood (white root rot) or near 
the base of the stem (sclerotium) ; in the latter disease sclerotia 
may be found inside the stem. 

The leaf may be spotted to a varying extent. The spots 
may change colour from yellow to brown (potato disease) or to 
mauve (onion mildew), or greenish spots may turn brown and 
the leaf be dead within a day (cucumber leaf blotch). Long 
brown stripes may run a considerable distance along the leaf 
(barley blindness), the veins may be blackened (cabbage black 
rot), or sclerotia may be found embedded between the leaves 
of bulbs. The leaf itself may cui*l up (potato leaf curl), or 
there may be considerable distortion or malformation (white 
rust). Change of colour from a healthy green to yellow is a 
frequent symptom (root and heart rots) , and is due to the 
fungus interfering with a proper water supply ; this change of 
colour often precedes the shrivelling and death of the leaf. 
The surface of the leaf may be more or less enshrouded with 
mycelium (mildew) or with velvety mould (leaf curl and apple 
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•cab) wbioh is gometdines extremely minute (potato disease), or 
t ere may be an eruption in tbe form of a series of concentric 
rings (white rust). 

Fungal ravages upon roots give rise to internal decay (heart 
rot}* as in mangolds, or to external malformation (finger and 
toe, or clubbing) as in turnips, where frequently several series 
of small tuber-like bodies are produced instead of one globular 
root, or to a complete investment of the root externally 
with a fluffy white or violet mycelium (white and violet 
root rot). Tree root rot shows itself by its clusters of 
yellow toad stools. Potato tubers may show scabs externally 
(potato scab and black scab), or they may be firm and 
curl) or shrivelled with white mouldy patches 
(Winter rot), finally becoming a putrid mass. 

Diseased fruits may be invested with inihlew (vine 
imJdew) or with a glistening mildew changing to a dull brown 
(American gooseberry mildew). There may bo black spores on 
the surface (bunt and smut), or dull silvery ])iinple8 u)ay be 
present (vine white rot). Black patches on tomatoes indi(}ato 
black stripe disease, black scabs and cracks on a])]des th(» 
apple scab disease, and tbe brown fruit rot causes ringed 
greyish tufts as well as brown patches upon the fruit. 

Treatment.— The use of sound seed, grain, tubers, grafts, 
and new stock is of the utmost importance. Rape, turnip, an<l 
seeds of other cruciferous plants may be sterilised by soaking 
lu dilute formalin solution for a quarter of an hour; this 
treatment frees them from black rot. A five to tea minuttis’ 
soaking frees the grains of cereals from adherent spores of 
smut, bunt, and blindness, whereas a two hours’ immersion 
of potatoes is necessary to destroy the spores of scab. L<iaf- 
curl is prevented if the tubers are liftid in an immature con- 
dition, whilst due regard to the pioper drying of tbe tubers 
before storing in a ventilated pit does much to lessen the 
extent of potato disease and Winter rot. In grafting fruit 
trees no grafts should be taken from a tree suffering with 
canker. 

Si)raying with some fungicide is one of the most reliable 
means of preventing inoculation; Bordeaux mixture (a solu- 
tion of lime and bluestone) sprayed upon })Otato plants, forum 
a thin film over the surfaces of the leaves, and prevents the 
spores of the potato disease gaining admission. Liver of 
sulphur is used similarly in the case of the gooseberry mildews, 
whilst Winter spraying of fruit trees with iron sulphate or 
copiDer sulphate tends to prevent brown fruit rot ora})plescab 

Well eaithing or banking up potato plants prevents spores 
of the potato disease, wash^ down by rain, from reaching tbe 
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tubers lying near the surface of the ground. A sprinkling of 
sulphur at the time of storing lessens the risk of Winter rot, 
and the same remedy dredged into the eyes at the time of 
planting keeps off the attacks of black scab. The risk of 
inoculation of cabbages by black rot present in the soil can be 
minimised by careful transplanting so as not to injure the 
roots. Beet and other root crops suffer much less from heart 
rot if they be lifted rather early, i.c. before the mycelium of 
the fungus has ramified down from the leaf stalks. 

The eradication of weeds is very important. Weeds not 
only abstract nourishment from the soil, but also are con- 
venient “ hosts ” upon which fungi can live between seasons. 
Prompt tarring of wounds will lessen the dangers of coral spot 
or canker. Fungi, such as the root rots, which are known to 
be present in some particular soil area, can be prevented from 
spreading by dig^ng a trench about eight inches deep right 
round the infected area. 

Infected soil requires careful attention. Sulphur placed in 
the trenches at the time of planting potatoes reduces the 
extent of potato scab; it has a beneficial effect upon roots 
afflicted with white root rot, and liver of sulphur is used as a 
spray for ground infected with American gooseberry luildew. 
Lime is the recognized remedy for finger and toe and violet 
root rot, but it encourages the growth of scab and black leg in 
potatoes. Thorough drainage of the soil keeps in check both 
white and violet root rot, drenching with iron sulphate 
restricts brown rot, whilst digging the ground over will tend 
to bury the resting spores of the gooseberry mildews. 

Advantage may also be taken of the immunity of certain plants 
from particular diseases ; thus by growing immune plants in an 
infected area, the fungus present in the soil may be starved 
for lack of nourishment. Cereals are not susceptible to black 
scab, black leg and violet root rot ; turnips and carrots do not 
suffer from black scab. Bed mangolds contract heart rot 
disease to a less extent than do yellow mangolds ; this is an 
instance of varieties being susceptible to a different degree. 
No currants or gooseberries should be grown in ground known 
to be infected with American mildew imtil a period of two 
years has elapsed. Also an eight years’ rotation should be 
practised upon ground infected with finger and toe. 

All diseased parts of plants should be promptly burned. 
This is the only safe method of dealing with them. The 
formation of rubbish heaps should be avoided, since these are 
breeding grounds for many fungi. Pigs and other farm 
animals should not be fed with diseased ** roots,” for, as has 
been shown above, fungal spores may persist in the manure 



APPENDIX. 


401 


and refuse from piggeries and cowsheds. Decayed leaves and 
fallen fruit should be gathered and burned. In conclusion, it 
may be noted that two diseases— American gooseberry mildew 
and white root rot — have been scheduled by the Board of 
Agriculture, and all cases of their appearance must be notified 
to that body. 


SUMMARY. 

Fungi causing plant diseases usually consist of branched throads 
which bear one or more kinds of spores. They frequently pass the 
Winter in a resting stage. The spores are scattered by air, insects, 
rain, infected refuse, dung and recepiaclos. Inoculation may he 
through loaf, stem, root, fruits or tubers, especially through wounds 
or through delicate young parts. Fungi vary among themselves as 
to the plants they attack; they may confine themselves to 
plants of the same or of different kinds. Fungal diseases generally 
spread most rapidly during warm damp weather. The symptoms 
exhibited by infected plants are not confined to any particular 
part ; they usually can be traced either to lack of nutrition of the 
liost plant, or to the display of spores by the infecting fungus. 
Plant diseases are chocked by the use of sound seed, by 
spraying with fungicides, by careful transplanting, by the eradi- 
cation of weeds, by sterilisation of the soil, by rotation of crops and 
by other methods. The prompt destruction of all diseased material 
>is essential. 
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Preliminary Examination for the Certificate, 
April* 1909. 

BLEMENTABY SCIENCE, SYLLABUS No. II. 

Two hours. 

To7i should answer six questiems. 

1. Show by a sketch the construction of a wet and dry bulb 
thermometer. Mark a likely position of the mercury in each of the 
thermometers on a still day when the loaves of plants show a 
tendency to flag, and on the evening of the same day when mist 
rises in the hollows. 

2. What experiment would you make to ascertain the chi<'f 
product of respiration of plants? With respect to roots, w'bat 
particular ingredients in the soil doe.s tins product of respiration 
make soluble? How could you show this experimentally ? 

3. Give one example in each case of plants which possess : — 

(а) adventitious roots, 

(б) flowers of two difleroiit kinds, 

(c) leaves reduced to spines, 

{d) irregular flowers, 

(e) flowers m catkins — mention whether staminate or 
pistillate. 

4. What experiments could you devise to show the paths taken 
by food materials in their passage upwards and downwards through 
the stem of a plant? Describe what would be seen in a transverse 
section of a herbaceous plant stem when looked at through a 
pocket lens. 

5. Name and describe the different kinds of plants producing 
rosettes of leaves, which are to be found in a pasture. 
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6. If a carrot and a potato are left in the ground during a 
mild winter, what happens to each in the spring ? Describe any 
experiments you would make in the laboratory on the digestion 
of carbohydrates. 

7. Name a creeping plant known to you, which propagates itself 
by means other than seeding, and show by a series of drawings how 
it does so. 

8. Describe the structure of an apple and show with sketches 
bow the different portions of the fruit originate, 

9. Give instances (two in each case) of plants which have ffoweri 
adapted to {a) long-tongued, and (6) short-tongued insects. Briefly 
describe, with drawings, the structure of each flower. 

10. Describe any case you have noticed of cultivated plants being 
cbokcil by weeds. Explain why the weeds were injurious. 

11. Describe experiments or observations with which you are 
acquainted, which show that leaves are sensitive to the stimulus of 
light. 


Examination for Certificate, December, 1909. 

ELEMENTARY SCIENCE— SYLLABUS NO. II. 

ELEMENTARY RURAL SCIENCE AND GARDENING. 

Two hours. 

You should answer six questionst which must include at least 
ONE of the last two questions, 

1. How would you show that the leaves of a plant contain u 
substance which is able to convert an insoluble carbohydrate into a 
soluble carbohydrate ? 

2. Give an account of the life history of a mustard plant from 
the germination of the seed to the opening of the fruit, and point 
out in what particular its life history differs from that of a turnip. 

3. Describe with the help of drawings, any experiments known 
to you on the transpiration of water by plants, and give any con- 
clusions which might be drawn from them. 

4. Describe the structure of the root of a plant, and give a brief 
account of the way in which it acts in the absorption of food 
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materials from the soil. What special structures are concerned in 
the process and how can their function be experimentally illus- 
trated ? 

5. Describe with the aid of sketches the development of a crocus 
corm. 

6. Upon what factors in the composition and properties of a. 
soil and subsoil does the water content of the soil depend? 
Describe observations out of doors and experiments in the laboratory 
that you have made. 

7. On a garden plot 5 yards by 3 yards, Savoy cabbages are to be 
grown. Describe the preparation of the ground, raising the plants 
from seed and subsequent treatment. Name the time of year 
suitable for each operation. 

8. With the help of drawings describe how you would bud a 
rose tree. State what parts of the stem tissue must bo taken with 
the bud and how the stock must be prepared for its reception. 


Preliminary Bxaminatioa for the Certificate, 
April, 1910. 

ELEMENTARY SCIENCE— SYLLABUS No. II. 

Two hours. 

You should ansioor six guestions. 

1. Explain fully what would happen as regards assimilation 
and the formation of chlorophyll in each of the following 
rjases : — 


(а) A growing plant with etiolated leaves is placed in the 

light ill an atmosphere deprived of carbon dioxide, but 
at normal temperature. 

(б) A growing plant with green leaves is placed under con- 

ditions similar to (a), 

(c) A growing plant with etiolated leaves is placed in an 
atmosphere normal as regards composition and tem- 
perature. 
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2. Mention three wild plants and three cultivated plants wiiich 
store a special supply of food for future use. Mention in each 
case the i^art of the plant in which the storage occurs, and 
the advantage to the plant of possessing such reserve materials. 

3. What diHorences as regards form are noticeable in the 
cases of trees of the same species growing under the following 
conditions : — 

(а) Solitary trees growing in the open. 

(б) Trees growing in the middle of a forest. 

(c) Trees growing on the margin of a forest. 

(^/) Trees growing on wind-swept uplands. 

How would you account for the dissimilarity? 

4. Give some account of the insects to bo observed in a field of 
white clover in bloojii, and describe the method of pcdlination of 
thf! clover flowers. How can you toll whether they have been 
pollinated? 

Illustrate your answer by sketches. 

5. How would you ascertain the temporaturo of the soil at a 
depth of one foot ? 

On a bright warm day would the surface of a heavy clay Roil 
or that of a light sandy soil ho usually tho cooler ? How would a 
covering of vegetation affect tho tompcrjiture of a soil in Buinmer 
and in winter ? Give reasons for your answers. 

0. Sketch tho appearance of starch under the microscope. By 
burning it what do wc learn of its composition? Give an account 
of experiments to show how it is converted into sugar (a) in 
animals, (b) hi plajits. 

7. Sketch tho apparatus you would use to find out what, 
mineral salts are necessary for plant growth. Name any salt 
other than these which is necessary for animal growth. 

8. Describe in detail an experiment to show that oxygon is 
essential to germination. 

9. How would you prepare a seed bod ? Give reasons for your 
procedure, and state what oonsidorations would guide you in 
determining the depth at which to plant various kinds of seeds. 

10. Describe, with the aid of drawings, the position and appear- 
ance of root hairs. What is their function, and how can this be 
experimentally demonstrated ? 
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Examination for Cevtifioate, Deoembep, 1910. 

ELEMENTABY SCIENCE— SYLLABUS No. II. 

ELEMENTABY BUBAL SCIENCE AND GABDBNINQ. 

Two hours. 

Answer six questions^ two of which vimt be selected from 
the first three. 

1. A garden crop of early potatoes is to be cultivated on land 
cleared the previous autumn. Give an account of the preparation 
of the land, the treatment of the seed potatoes, the method of 
planting and the after management. What precautions would you 
tiike for the inevention of disease? 

2. Why are fruit trees grafted? Describe how the operation of 
grafting is carried out in the case of young fruit trees. Show by 
u eans of drawings the nature of the union of stock and scion after 
live or six years’ growth. 

3. Describe, with the aid of drawings, the preparation of 
geranium cuttings and the layering of carnations *, show from wliat 
points the roots spring in both cases. 

4. Briefly distinguish between rootlets and root hairs as regards 
si?e, position, appearance, structure and function. Illustrate your 
answer where necessary with sketches. 

5. Mention two examples in each case of plants with the 
following characteristics : — 

(a) Leaf tendrils. 

(b) Underground stems. 

(c) Flowers pollinated by the agency of wind. 

(d) Biennials. 

(e) Flowers which come out before the leaves. 

(/) Pood stored in specially modified leaves. 

6. Describe with the aid of a drawing a longitudinal section 
through the middle of the flower of a bramble or wild rose ; 
describe also the structure of the ripe fruit. 

7. A leaf is exposed for some time to bright sunlight in air from 
which the carbon dioxide has been removed. It is then boiled in 
water, soaked in alcohol and finally placed in a solution of iodine. 
What eflect is produced upon the leaf by those various liquids and 
what does the experiment prove ? 
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8. Describe experiments wbicb bave shown that the growth oi 
a plant is affected by the presence or absence of certain elements in. 
the soil. State the chief results obtained. 


Preliminarv Examination ^op the Oevtiftoate, 
April, 1911 . 

ELEMENTARY SCIENCE— SYLLABUS No. E, 

Two hours. 

You should answer six questions, 

1, Distinguish clearly between the function of the root and tliat 
of the leaf in the nutrition of the plant. 

2. Some plants are grown for their fruits, otViors for thoir roots, 
leaves, &o. ; which part of the plant forms the edible j)ariinn of tlin 
following; — (a) Broad bean, (6) French bfjan, (c) rhubarb, (li) 
asparagus, {e) lettuce, (J) Brussels sjirouts, {rj) vegetable marrow, 
(h) cauliflower. 

8. Compare the structure of the flower of whciat or oat with that 
of gorse or violet, and show how the form of the floral organs in 
each of the two plants you select is connected with the inode of 
pollination. 

4. What changes in the properties of a soil arc produccul when 
a crop is grown and dug under a.s a “ green manure *’ for the 
succeeding crop ? 

5. Distinguish botwcicn thorns and prickles. Name two planls 
having the former and two plants the latter. Give some ox])la- 
nation of their value to the plant in each ease. 

6. The year after a railway bank had been repaired the 
following plants among others were observed to bo springing up in 
the vacant ground Dandelion, coltsfoot, gorso, oak, sycamore, 
couch grass (twitch) and cleaver.^. What explanation can be given 
for the presence of these plants? 

7. Describe, with the aid of drawings, the chief characteristics 
of the stem, leaves, buds, flowers and fruits of the ash and the 
birch. 
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8. Mention the names of plants which possess the following 
characteristics. Give two examples in each case of plants which 
have : — 

(а) Perfect flowers of two different kinds. 

(б) Foliage leaves of two different forms. 

(c) One cotyledon or seed leaf. 

(d) Leaves which are not fleshy, but are otherwise modi- 

fied to withstand draught. 

(e) Flowers with both stamens and pistil, but no calyx or 

corolla. 

(/) Leaf buds which are formed underground. 

9. Give the names of three bog plants or three salt marsh 
plants. In what respects do the three plants resemble or differ 
from one another, and in what relation do these characteristics 
stand to the environment. 

10. How would you demonstrate the rate of growth of a bean 
root, and how would you investigate the stimuli which influence 
its direction of growth ? 


Examination for Certificate, December, 1911. 

ELEMENTARY SCIENCE— SYLLABUS No. II. 

ELEMENTARY RURAL SCIENCE AND GARDENING. 

Two hours. 

Answer six questions^ two of which must be selected from 
the first three. 

1. What kind of soil is best suited to the growth of carrots? 
What conditions cause forking of the roots ? Describe the sowing 
of the seed, and state at what time of the year the seed should be 
sown. What subsequent cultivation is required, and when should 
tb -5 crop be ready to bo gathered. 

2. Make a table showing the proper distances for sowing, trans- 
planting or singling early potatoes, late potatoes, parsnips, peas 
(three feet high), cauliflowers, broad beans, onions and celery ; give 
in each case, in inches: — (a) The distance between the rows, (&) 
the distance between the plants in the row, (c) the depth to sow 
tht seed* 
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3. If cabbages are grown too frequently on the same land, it is 
possible that they will suffer from a disease which attacks the roots. 
Name the disease and state under what conditions it is likely to 
a.ppear, and what may be done to eradicate it. 

4. By means of drawings, compare the leaves of peas, kidney 
beans and broad beans, and discuss tho moaning of the notable 
differences among them. State why the end shoots of those plants 
are sometimes “ nipped off.” 

5. On cutting across the stem of a plant, such as a sunflower, 
begonia or pelargonium, it is found, after a short time, that water 
exudes from the out end of that part of tho stem which still 
remains attached to the root. Account for this piumoinenon and 
describe any experiment which will throw light upon it. 

6. Compare the structure of tho seeds of maize, wheat, oak and 
bean. Show in what respects they resemble or differ from one 
aiiothi r. How would you classify these seeds, in respect of funda- 
mental differences of structure? Give tho essential characteristics 
of each class. 

7. Describe carefully experiments which may be made to 
dctomiino the extent to which soils are capable of absorbing and 
retaining water. 

8. How would you demonstrate the conditions which determine 
the formation of starch in leaves ? 
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dispcTSiil of seeds, 222 

Annuals, 70 
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Arranprement of l<‘avcs in bud, 87 
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Blae.kfly, 380 
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< '{imbrian, 29 S 
(’aiiopy of leaves;, 23S 
Cuaterbiiry Bell 1 lower, 195 
< '{ipillarity, 10 

iY, seed, IS 

in soil, 1 8, 309 

(ai'pels, 179 
(.'arrots, 337 
(’aiTot tly, 384 
C'aterpillurp, 388 
Catkins, 1H2 
t^anlillowors, 332 
Cedar of Lebanon, 268 
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Cellulose, 105, 320 
Centipedes, 392 
(.'hafor beetle, 3S0 
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flower, 196 

Chbtrophyll, 14(5 

formation, 152 

(^iloroplastids, 116, 152 
CJay, 291 

soils, 300 

C ’leavers fruit, 224 

leaf, 139 
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tendril, 136 

ftlick beetle, 374 
(/liinbinf? root, 60 
(.Mubbinj?, 338, 399 
(Vifd meusures, 297 
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fruit, 213 
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Complex flowers, 190 
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Composition of air, 19 
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Compost mixing, 362 
Conditions affecting moisture, 244 
fertility, 313 

— germination, 16, 3,3 

plant life, 270 

Constituents oi plants, 319 
(Contour of land, 246 

Cork, 79, 109 
Corms, 121 
Corolla, 188 
Crane fly, 381 
(trooping sterns, 112 
Crocus corm, 121 

llowor, 123 

Cross pollination, 182, 201, 203 


Cross and self pollination, 205 
Culture solutions, 157 
Cuticle, 254 
Cuttings, 347, 365 

Daddy longlegs, 381 
Dandelion frnit., 214 
Date gennination, 4(t 
Dead nettle leaves, 140 

llowor, 200 

Density of soil, 311 

Devonian, 298 

Diamond back moth, 389 

Diastase, 163 

Dicotyledon, 47 

Ditfusion in seed, 18 

Digestion, 53 

Disposal of fruit, 209 

Distribution of plants, 268 

Division of Iierhac(‘ous plants, 36“ 

Dock fruits, 220 

Dormant buds, 95 

Double hell jars, 3 53 

Drip tip, 1-15 

Duckweed stem, 205 

Dutch hoe, 359 

Earthing, 119 
Earth wor*mw, 288 
Ecology, 232, 281-2 
Effect of light, 127 

contact, 131 

Eggs, 51 
Elm buds, 89 

fruits, 218 

Elodca, 261. 1 19 
ElongatJoii of buds, 90 
Environment, 234 
Eocene, 296 
Koain, 1(56 
Epidermis. 78, 165 

of leaf, 144 

Epiphytes, 251 
Evaporation, amount, 168 

from ti«)il, 311 

Evergreens, 255 
Evolution of oxygon, 157 
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Exclusion of insects, 201 
Explosive fruity, 213 
External oppearance of etonis, 78 

Farmyard manure, 360 
Felspar, 290 
Female cells, 178 
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Fertilization, l.s2 
JMbres, 102 
Fibrous roots, 57 
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Flea beetle, 377 
Floating loaves, 265 
Flowers, 176-207 
Flowers and fruit, 280-1 
Flowers in bud, 89 
Flower seed sowing, 368 
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Food, 48-5(5 
— ; — complexity, 51 

mamifact'U'e, 1(>3 

tests, 52 

Formation of clilorophyll, 152 
French beans, 334 
Frost on soil, 286 
Fruits, 208-231 
Fruit farm, 370 

houses, 371 

I kinds, 208 

Functions of stem, 78 
Fungoid diseases, 373, 395 

Geology, effect on distribution, 268 

origin of soils, 2J)4 

Geranium fruit, 215 
Germination, 16-47, 273-4 
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— conditions, 16-34 
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pine, 46 
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sunflower, 43 
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— wheat, 45 
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Glacial dejmsits, 296 
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Globular buds, 89 
Globulin, 320 
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Gorso, 213 
Grafting, 36G 
Gniiii maize, 13 
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Granite, 292 

Composition, 302 
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t Jravity action on root, 61 

stem, 131 
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tJreen stems, 257 
Grit, 291 

Grooved stems, 257 
Groimd air, 25 
amount, 25 
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movement, 26 

Groundsel fruit, 215 
Growth of roots, 7 5 
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Hairy fruits, 214 

leaves, 254 

Hairs in bud, 86 
Hazel flowers, 185 
Healing of wounds, 109 
Heart and dart moth, 3^8 
Heat from rcspjrat ion, 22-33 
Hodge climbers, 242 
Hemlock fruit, 211 
Hemp germination, 45 
Hibernation of spores, 396 
Hips, 229 

History of a branch, 94 
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Honesty germination, 42 
Honey guides, 198 
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Hop tendrils, 135 
Hornboain fruits, 219 
llorso chestnut bud, 85 
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Humidity of air, 29 

effect on transpiration, 1 7 4 

Humns, 246, 303 
Hydrophytes, 248 
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Insect pests, 373 
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root. 60 

Juicy stems, 98 

Kalabolism, 49 
King-cup flower, 186 
Knots, 108 
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Larkspur flower, 1 96 

fruit, 213 

Layering, 349, 367 
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arrangement on stem, 139 

external appearance, 140 

fall. 268 

internal structure, 141 
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Leaf-like stems, 257 
Leaf stalk. 140 

structure, 138-150 

tendrils, 136 

veins, 142, 149 

work, 139 

■flft fino- 
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l^eaf xerophytio. 254 *7 » 

Leffumui, 320 
Lettuce, 329 
Leukoplastids, 152 
Lias, 297 

Life history of fungus, 395 

insect, 374 

Lifting power of bean, 3S 
Light, action on transpiration, 173 

• stems, 12G 

— — roots, 64 

Lime and liming, 307 

^fruits, 220 

Limestone, 292, 297 
Lime pan, 315 
Liquid manures, 3C1 
Loams, 306 
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Maize flowers, 182 

germination, 45 

grain, 13 

root, 59 

Male cells, 177 

Man’s effect on plant distribu- 
tion, 268 
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Marl, 292 
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ovary, 179 
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Mechanism of llowcrw, 100 
Medullary rays, 107 
Mercury, 166 
Mesophytes, 248 
Methods of germination, 35 
Mica, 290 

Milk composition. 50 
Millipedes, 392 
Minerals, rocks, 289 
Mistletoe, 225 
Modified evaporation, 168 
Moisture available, 244 

■ influence on roots, 64 

Moles, 289 
Monkshood, 198 
Monocotyledons, 47 
Monsoons, 245 
Moor pan, 315 
Moths, 196, 388 
Movement of protoplasm, 149 
Mud, 291 
Mullein fruit. 211 

Narcissus bulb, 121 
Necta,ries, 198 

Nitrates, action on plants, 323 
Norfolk rotation, 325 
Nutation, 131 
Nutritive processes, 162 
Nuts, 224 

Oak flowers, 2 85 

leaf arrangement, 139 
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Onion bed preparation, 364 

bulb, 121 

fly, 3S2 

Onions, 340 
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Orange berry, 226 

Orchid root, 60 

Organic agent s in soil, 288 

Osmosis, 69, 99, 163 

Osmoticolly active substances, 167 

Outdoor temperat ure, 33 

Ovary, 178, 179, 188 

Ovum, 179 

Oxygen, 20 

evolution, 157 
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Packing of leaves, 254 
Palisade cells, 146 
Pans in soil, 315 
Pansy flower, 198 

fruit, 213 

ovary, 179 

Parsley fruit, 21 1 
Passion flower tendrils, 135 
Path finders, 198 
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Pea gcnuinatioii, 40 
Peas, 335 

seed, 10 

sowing, 364 

tendrils, 137 

Perennials, 79 
Perianth, 186. 188 
Petals. 188 
Phloem, 100 
Phospliates, 323 
Photographio paper, 239 
Photolysis, 160 
Photosynthesis, ICO 
Pimpernel frnit, 211 
Pine germination, 46 

seed, 15, 215 

Pink flower, 191 
Pistil, 178 

Piston mechanism, 205 

Plane bud, 83 

Plant action on soil, 288 

Plant lice, 391 
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Plant and onvironinent, 232 272 

ash, 320 

associations, 238 

food, 319 

Planting tre<is, 362 
Pliocene, 206 
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Pollen, 3 78 

box, 200 
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Pollination, 180 

of water plants, 260 

Poplar flowers, 1H5 

seeds. 215 

Poppy fruit, 211 
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Porosity of Boil, 309 
Potash action, 324 
Potatoes, 341 

sets, 363 

Potato starch, 119 

tuber, 118 

Potometer, 171 
Pottingr, 363 

seedJingrs, 309 

Preparation of seed beds, 359 
Pressure on ground air, 27 
Pricldy fruits, 222 
Primrose flower, 201 
Ppopagration, 347 

by corms, etc., 354 

Protection, buds, 82 
Proteids, 100 

Protoplasm, 48-9, 146, 163 

requirements, 49 

Pyrites, 290 


Quartz, 290 

Questions, Examination, 373 
Rain, efl'ect on ^ound air, 28 
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Raspberry fruit, 226 
Rato of root growth, 76 

transpiration, 172 

Reason for leaf fail, 208 
Red ink, 166 

Region of growth in roots, 75 
Regulating action of prot oplasm 169 
Remedies for Plant diseases, 399 
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Rhododendron bud, 90 
Rhubarb bud, 85 
Ring soars, 91 
Rolling, 359 
Roots, 276-6 
Root absorption, 74 

behaviour, 57 

cap, 66 

deep seated, 257 

form and function, 77 

growth, 75 
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irritability, 01 

ivy, 60 

maize, 59 
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orchid, 260 

pressure, 72 

protection, 08 
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structures, 66-9 
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varieties, 57 
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Rose fruit, 229 
Rosette formation, 254 
Rotat ion of crops, 324 
Ruimer of strawberry, 113 


Sachs’ method, 153 
Sand, 291 
Sandstone, 291 
Sap thick, 254 
Scarlet runner, 335 
Soars on stem, 90 
Scattering of spores, 396 
Seeds, 10-15 

and fruits, 208 

Seed, broad bean, 10 

capillarity, IK 

diffusion in, 18 

laburnum, 10 

pea, 10 

pine, 15 

respiration, 21-23 

sowing, 361 

structures, 5-15 

sycamore, 11 

vegetable marrow, 10 

Seif pollination, 182 
Sepals, 188 
Sexual colls. 177 

reproduction, 176 

Shale, 291 

Shedding of leaves, 268 
Sheet rubber, ICO 
Shingle, 291 
Sieve tubes, 102 
Silt, 291 
Silurian. 298 
Skip-jock beetle, 374 
Slate, 292 
Slugs, 393 
Snails, 393 

Snapdragon flower, 201 

fruit, 211 

Soil analysis, 306 
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subsoil, 283 

composition, 300 

experiments, 317 

fertility, 312 

formation, 284 

kinds, 305 

percentage composition, 301 

physical character, 305 

properties, 309 

temperature, 31 

Solomon’s seal stem, 115 
Sowing flower seeds, 368 
Special functions of stems, 112 
Spongy cells, 1 46 
Spring wood, 105 
Staking. 363 
Stalk of leaf. 142 . 

Stamens, 177, 188 

time of ripening, 193 

Starch, amount produced, 157 

formation, 153 

in corms, 122 

potato, 119 

Stem, 78-138, 276-9 

as conducting organ, 97-111 

sensitive organ, 120-138 

branching, 81 
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'Stem, creeplBg. 112 

• duckweed, 265 

celworm, 375 

external appearance, 78 

fimctions, 78 

green, 257 

scars, 90 

sensitive nature, 128 

Solomon's seal, 115 

— — special fimctiona, 112*125 

thickening, 104 

vascular bundles, 97 

Stencil, 155 
Stigma, 182 
Stimulus, 61 
Stock (lower, 191 
Stomato, 165 

absent in water plants,! 
sunken, 254 
Stone fruits, 226 
Storage of food, 53 

starch, 163 

Strawberry fruit, 227 

stem, 112 

Strui'tiiro of seeds, 5-15 
Struggle for existciic<?, 2!>6 
Stunted plants, 254 
Style, 182 

Submerged leaves, 2C5 
Subsoil, 283, 314 
Succulence, 252 
Suction power of stem, 166 
Sugai' in bulbs, 121 

roots, 59 

Bulpliur, 290 
Sumach bud, 84 
Bunllower flowers, 203 
fruit, 12 

- germination, 43 

- stem, 114 

Sun's eiiorgy, 163 
Sweet pea 1 lower, 103 

ovaiy, 180 

SwcIIcn roots, 59 
S.vea.more,arrungoiacnt of leaves,! 40 

flower, 186 

fruit, 216 

germination, 43 

seed, U 

twig, 81 

Symptoms of plant diseases, 398 

Taj> root, 57 

Temperature and seed, 29 
Tcinporature conditions, 267 

• effect QU ground air, 28 

soil, 288 

— of germination, 3(i-l 

air, 31 

soil, 31 

- outdoor, 33 

— variat ions, 33 

Tendril. 131, 134-5 
Tensions in tissues, 99 
IV'ste for foods, 52 
Tbcrmai properties of soil, 310 


Thermometer, wet and dry, 29 

Thickening of stems, 104 

Thick leaves, 255 

Thin leaf tissues, 142 

Thistle fruit, 215 

Thorns, 254 

Tbrip. 386 

Time of flowering, 186 
Tobacco flower, 196 
Tracheides, 149 
Trachyte, 292 
Transpiration, 165-175 

current* 167 

process, 170 
Transplanting, 362 
Trias, 297 
Tubers, 116 

artichoke, 117 
potato, 118 
Turgidity, 70 
Turnip fly, 377 

moth, 388 
-mud beetle, 379 
Turnips, 338 
Twining stems, 132 

* Underground stems, 114 
Use of juicy tissues, 9H 
rake, 359 

Variations in icmpcrntnrc, 33 
Vuriegut^jtl leaves, 155 
Vascular bundles, 97 
Vaseline, 155, 165, 172 
Vegetable albumin, 329 

10 

.Vc|:ot.atjve reprodnetion, 176 
VoiiiH of lent, 254 
Vessels, 105 
Victoria regia. 265 
Vino eyes, 370 
Violet Power, 198 

fruit, 213 

I Virginia]! creeper tendril, 13G 

Walliiowcr, 191 

fruit, 211 

Water-blob flower, 186 
culture, 231 
diHpcrsttl, 229 
■ evolved li-om loaves, 168 
• lily fruit, 239 
plants 235. 259 
nctioii in soil, 284 
Wax, 264 
I Wealden, 297 
i Weathering, 292 
Weeds of soils, 316 
Weevil, 370 
Weight of starch, 157 
Wet and dry bulb Ihermoraeters, 29 
Wheat bud, 89 

germination, 45 

. - grain, 14 

! Wliito grub, .380 
j Willow flower, 182 
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Willow herb fruit, 215 

seed, 215 

Wind and Insect pollination, 206 
— " dispersal of fruits, 211 
— drying effect, 245 

effect on ground air, 26 

-temperature, 267 
•transpiration,174 

pollination, 186 

— — poUinated flowers, 206 
Winged seeds and fruits, 215 
— ' ' stems, 257 


Wireworms, 374 
Wood, 100 

■ — - absence in water plants, 203 

Woodland society, 238 

Woodsorrel fruit. 214 

Woody fibre, 320 

Work of leaves, 139 

Worms, 374 

Wounds, 109 

Xerophytes, 248 
Xerophytio characters, 251 












